PATENT 

Application No.: 10/652,745 
Attorney Docket No.: 048968-1 17961 
Via EFS-Web 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: ) 

) Group Art Unit: 1617 
SCHASTEEN et al. ) 

) Examiner: S. Kantamneni 
Application No.: 10/652,745 ) 

) 

Filed: August 29, 2003 ) 

) Confirmation No. 1765 
For: ANTIMICROBIAL COMPOSITIONS ) 


Attention: Mail Stop Appeal Brief-Patents 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

REPLY BRIEF 

In response to the Examiner's Answer mailed September 13, 2010, and 
further pursuant to 37 C.F.R. § 41 .41 , the Appellant presents this Reply Brief and 
hereby authorizes the Commissioner to charge any and all extensions or fees 
that may be required to Deposit Account No. 50-1662. 

The following Reply Brief will clarify a number of issues before the Board. 
It will clarify that the Office relies upon the knowledge of a skilled artisan to make 
rejections under § 103, but has ignored the expert declaration of record attesting 
to the surprising and unexpected results of the currently claimed invention. It will 
clarify that the Office asserts each acid was "antimicrobial," but that the Office 
has ignored that the prior art specifically teaches away from a number of the 
acids with respect to what is actually claimed (killing or inhibiting Salmonella). It 
will also clarify that identifying which combinations of acids, and percentages of 
those acids, that would be effective at killing or inhibiting Salmonella was entirely 
unpredictable at the time of filing. It will also clarify that the currently claimed 
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invention is far superior to the prior art, a fact corroborated by the expert 
declaration of record, but has been not been considered by the Office. 
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I. REAL PARTY IN INTEREST 

Novus International, Inc., is the real party in interest, as indicated by the 
assignments in its name, recorded at Reel 015330, Frame 0531, and Reel 
016014, Frame 0275. 

II. RELATED APPEALS AND INTERFERENCES 

The Appellant is unaware of any pending appeals or interferences that 
may directly affect or be directly affected by, or have a bearing on, the Board's 
decision in the pending appeal. 

III. STATUS OF THE CLAIMS 

Claims 75, 77-95, 114-117,121-1 32, and 1 34-1 37 are pending in this 
application. Claims 1-74, 76, 96-113, 118-120, and 133 were previously 
canceled without prejudice. Claims 75, 77-95, 1 1 4-1 1 7, 1 21 -1 32, and 1 34-1 37 
have been finally rejected by the Examiner. 

The Appellant hereby appeals the rejection of claims 75, 77-95, 114-11 7, 
121-1 32, and 1 34-1 37. In accordance with 37 C.F.R. 41 .37 (c)(1 )(viii), a clean 
copy of the claims on appeal are set forth in full in the Claims Appendix to this 
brief. 

IV. STATUS OF AMENDMENTS 

No amendments to claims 75, 77-95, 114-117,121-1 32, and 1 34-1 37 
have been filed after the final rejection. 

V. SUMMARY OF CLAIMED SUBJECT MATTER 

The present invention relates to methods for inhibiting or killing microbes 
in food, including human food, livestock food, pet food, or other animal food. 1 
The present invention relates to treating food with an organic acid composition 
comprising at least three organic acids, the organic acid composition comprising 

1 See, e.g., specification at page 1, lines 10-26. 

1 

450532.2 


PATENT 

Application No.: 10/652,745 
Attorney Docket No.: 048968-1 17961 
Via EFS-Web 

2-hydroxy-4-(methylthio)butanoic acid 2 and at least two organic acids 3 chosen 
from butyric acid, 4 lactic acid, 5 and propionic acid, 6 wherein the organic acid 
composition inhibits or kills more Salmonella 7 in the food compared to when the 
food is treated with any single organic acid that forms the organic acid 


Note: the currently claimed invention recites 2-hydroxy-4- 
(methylthio)butanoic acid, which is a compound of Formula (I). 12 The 2-hydroxy- 
4-(methylthio)butanoic acid is known and referred to in the art by various 
synonymous names including HMB, HMBA, HMTBA, and also under the 
proprietary trade name Alimet®. In the patent specification, the terms Alimet®, 
HMBA, HMTBA, and 2-hydroxy-4-(methylthio)butanoic acid are used 
interchangeably. 13 


VI. GROUNDS OF REJECTION TO BE REVIEWED ON APPEAL 

A. Claims 75, 77-87, 90-93, 115-117,1 21 -1 22, 1 24-1 25, 1 27-1 28, 
130-131, and 134-137 stand rejected under 35 U.S.C. § 103(a) as 
obvious over Dunn etal. (U.S. Patent No. 4,824,686), Blake etal. 


2 See, e.g., id., at page 15, lines 16-28. 

3 See, e.g., id., at page 71 , lines 1-4, page 72, lines 6-13 
page 97, lines 23-25. 

4 See, e.g., id., at pages 106-125, including originally filed claims 3, 5, 7, 12, 13, 16, 17, 23-38, 
43, 51, 59-63, 67, 70, 111, and 112. See also pages 63-105, including Examples 4-24. 

5 See, e.g., id., at pages 106-125, including originally filed claims 3, 5, 7, 12, 13, 16, 17, 23-38, 
43, 51, 59-62, 64, 67, 70, 72, 73, 111, and 112. See also pages 63-105, including Examples 4- 
24. 

6 See, e.g., id., at pages 106-125, including originally filed claims 3, 5, 7, 12, 13, 16-22, 32-43, 51, 
58, 60, 62-65, 67, 70, 72, 73, 111, and 112. See also pages 63-105, including Examples 4-24. 

7 See, e.g., id., at pages 65-83, including Examples 6-14. 

8 See, e.g., id., at Tables 1 1-20 at pages 71-83, including Examples 6-14. 

9 See, e.g., id., at page 8, lines 18-36, page 39, lines 14-32. 

10 See, e.g., id., at table 16 at page 78. 

11 See, e.g., id., at page 36, lines 30-36, page 37, lines 1-2, page 16, lines 1-5, page 35, lines 25- 
28. 

12 See, e.g., id., at originally filed claim 6 

13 See, e.g., id., at page 36, lines 5-8. 
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(U.S. Patent No. 2,938,053), Buttin (International Pig Topics), and 
Bland etal. (U.S. Patent No. 5,591,467). 

B. Claims 88-89 stand rejected under 35 U.S.C. § 103(a) as obvious 
over Dunn etal., Blake etal., Buttin, Bland etal., and Pinski etal. 
(U.S. Publication No. 2002/0172737). 

C. Claims 94-95 stand rejected under 35 U.S.C. § 103(a) as obvious 
over Dunn etal., Blake etal., Buttin, Bland etal., and Friedman et 
al. (U.S. Patent No. 4,495,208). 

D. Claims 114, 123, 126, 129, and 132 stand rejected under 35 U.S.C. 
§ 103(a) as obvious over Dunn etal., Blake etal., Buttin, Bland et 
al., and Rolow et a/ (U.S. Patent No. 6,355,289). 

VII. REPLY BRIEF ARGUMENTS 

At the outset, the Appellant notes that no new grounds for rejection were 
asserted in the Examiner's Answer and therefore no new grounds of rejection 
must be addressed in the instant reply brief. The Appellant nevertheless hereby 
seeks to clarify the issues discussed in the Examiner's Answer before ultimate 
consideration by the Board. 

Arguments Asserted by the Office Are Mistaken; Office Fails to 
Evaluate the Claimed Invention as a Whole or in view of Expert 
Declaration of Record 
First, the Appellant respectfully submits that there are no § 102 rejections 
(i.e., that the currently claimed combination is novel and the Office has found no 
novelty destroying references). At page 8, line 4, the Examiner's Answer asserts 
that physical properties are "inseparable from its composition," yet the Office has 
failed to show any identical composition or method in the prior art. Thus, the 
Office's assertion of inherency is erroneous. See MPEP 21 12, "To establish 
inherency, the extrinsic evidence 'must make clear that the missing descriptive 
matter is necessarily present in the thing described in the reference, and that it 
would be so recognized by persons of ordinary skill. Inherency, however, may 
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not be established by probabilities or possibilities. The mere fact that a certain 
thing may result from a given set of circumstances is not sufficient.' In re 
Robertson, 169 F.3d 743, 745, 49 USPQ2d 1949, 1950-51 (Fed. Cir. 1999)." 
Here, the prior art and the Office acknowledge that the currently claimed 
invention is plainly different from the prior art, such that inherency is erroneous. 
See, for example, the Examiner's Answer at page 5, lines 13-18, wherein the 
Office admits that Dunn does not teach HMTBA, the prior art does not teach 
lactic acid and butyric acid, and the prior art does not teach the particular 
amounts of HMTBA, lactic acid, and butyric acid. 

As a result of the Office's failure to evaluate the unique properties of the 
currently claimed invention, which are separate and distinct from the prior art, the 
Office has (1) has failed to rebut the synergism asserted by the Appellant with 
regard to the currently claimed invention, which is submitted to be novel form of 
synergism, and (2) has failed to explain how any synergism can be reliably 
predicted for a new combination of organic acids for the purposes of § 1 03. One 
of skill in the art would appreciate that new kinds of synergism exist, but which 
combinations are likely to exhibit synergism against Salmonella are highly 
unpredictable. The Examiner's assertions of "synergism" of other acid 
combinations by the prior art at page 5, line 1 , and page 1 2, line 1 4, of the 
Examiner's Answer are respectfully submitted to be inaccurate and misleading. 
It is not the same synergism exhibited by the currently claimed invention. In 
addition, the Appellant has repeatedly asserted in the record that currently 
claimed invention is far superior to the prior art cited by the Office, a point which 
the Office has yet to address or acknowledge. 

Second, the Appellant respectfully submits that an expert in the field has 
already provided his learned opinion on the record (attached to the previous 
Appeal Brief) that the organic acid formulations falling within the scope of the 
claims provide surprising and unexpected results. Although the Examiner would 
prefer more graphs and additional evidence, the expert's declaration stands on 
its own and the Office has done nothing to criticize his knowledge of the field or 
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to address his conclusions that the current invention is surprising and 
unexpected over the prior art. Importantly, the expert's conclusions were 
directed to the entire claimed invention's non-obviousness over the cited prior art 
and the remainder of technological field. The evidence of unexpected results is 
not limited to "mold inhibition" as alleged at page 19 of the Examiner's Answer or 
to the Figure attached to the declaration. In short, the Office is respectfully 
requested to consider the entire declaration along with the totality of the 
circumstances, which plainly support patentability. 

Third, the Appellant respectfully submits that Salmonella is extremely 
difficult to kill in food, and that the prior art confirms this point. A number of the 
Office's cited references such as Bland etal. contain "key ingredients" {e.g. 
formaldehyde) which were excluded or omitted by the Examiner in making the 
current claim rejections, which undercut any motivation to combine or 
expectation of success in arriving at the currently claimed invention. 

Fourth, the Office seems to maintain that all combinations of organic acids 
would have been predictable at killing Salmonella. However, the evidence of 
record and the expert declaration of record flatly contradict the Office's 
contention. 

Fifth, the Appellant respectfully submits that the scope of the claims is 
consistent and commensurate with unexpected results and arguments asserted 
herein. The Appellant also submits that, in technology areas where there is a 
key question of fact (i.e., the problem of killing Salmonella in feed) and nuances 
in the field are not fully appreciated by lay persons, that proper deference is 
granted to the expert in the field. 

Sixth, the Office continues to assert that "antimicrobial activity" (See 
Examiner's Answer at page 6, line 13) is synonymous with "killing or inhibiting 
Salmonella," but this is factually inaccurate. The Enthoven reference specifically 
recites that the same HMTBA cited by the Examiner's Answer at page 6, line 13, 
is ineffective at killing Salmonella (so too is propionic acid). The Office continues 
to ignore these express teachings away. One of skill in the art would appreciate 
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that there are a number of acids that are "antimicrobial," but are known to be 
ineffective at killing or inhibiting Salmonella. Thus, the "competence level of an 
ordinary skilled artisan" cited by the Examiner's Answer at lines 15-16 would 
actually support non-obviousness in the present case, because such a 
competence level would include the teachings away for acids known to be 
ineffective against Salmonella. As such, "antimicrobial" is not sufficient to 
provide a reasonable expectation of success regarding the currently claimed 
invention. Moreover, the Office fails to appreciate that adding additional acids 
known to be ineffective against Salmonella would likely decrease a composition's 
effectiveness against Salmonella - not increase it. These fundamental facts 
appear to be entirely ignored by the Office. 

Seventh and finally, the Office has provided no rebuttal evidence against 
the fact that the Appellant's claimed invention is far superior to prior art 
compositions at killing or inhibiting Salmonella, which is submitted by the 
Appellant to be sufficient to overcome any prima facie case of obviousness. 

Reassertion of Arguments in the Appeal Brief 

The Examiner maintains the rejections of claims 75, 77-95, 114-117, 121- 
132, and 134-137. The arguments set forth below will address each basis of 
rejection under separate subheadings, in accordance with 37 C.F.R. 
41.37(c)(1)(vii). 

The Appellant will demonstrate herein that a prima facie case of 
obviousness has not been established or, alternatively, that any prima facie case 
of obviousness has been rebutted. Among other considerations, it will be shown 
that the cited prior art has been cited out of context and does not teach or 
suggest each and every element recited in the claims. When the prior art is 
considered in its entirety, it is apparent that there would have been no motivation 
to combine or reasonable expectation of success in combining the references in 
the manner cited. Importantly, the cited references include several portions that, 
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taken as a whole, lead away from the claimed invention and contradict a finding 
of obviousness. 

It will also be shown that the methods of the claimed invention yield 
unexpected and superior results, which support a finding of non-obviousness. 
The results of the claimed methods are substantially greater than the additive 
effect of what would be expected from the sum of the individual components. 
The results of the claimed methods are also substantially greater than any of the 
individual components used at a proportionally equivalent volume. Evaluation of 
the data of record shows that the methods of the claimed invention inhibit or kill a 
substantially greater number of microbial colonies in food than otherwise would 
be expected. The evidence of record, including the expert declaration of Dr. 
Christopher Knight and Figure 7, further solidifies the unexpected results and 
nonobviousness of the currently claimed invention. 14 For the reasons detailed 
below, all pending claims are not rendered obvious by any combination of 
references as cited by the Office. 15 

For the purposes of this Appeal, claims 75, 77-95, 114-117, 121-132, and 
134-137 do not stand or fall together. The claims have been divided into four 
groups: Group I (claims 75, 77-85, 88-95, and 134-137) Group II (claims 86 and 
87); Group III (claims 1 14-1 17); and, Group IV (claims 121-132). 

A. Summary of Claimed Invention; Substantial Improvement in 
Killing Salmonella in Food 


14 The Figure 7 identified in the Declaration shows that the claimed invention has approximately a 
10-fold improvement or more over the prior art. The blends in Figure 7 are embodied by the 
currently claimed invention (e.g. claims 127 and 128 recite variations of Blend OA6). 

15 Nearly every patented invention is comprised of elements that previously existed in the prior art. 
"However, mere identification in the prior art of each element is insufficient to defeat the 
patentability of the combined subject matter as a whole." In re Kahn, 441 F.3d 977, 986 (Fed. Cir. 
2006). Previously known components may be combined and arranged in new ways that were not 
previously foreseen or suggested, and which are patentable. As a result, precaution must be 
taken to avoid hindsight bias in evaluating whether a motivation to combine and a reasonable 
expectation of success existed at the time of filing. 
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As explained by the Appellant's specification and examples, the currently 
claimed invention is directed to a method comprising treating food with an 
organic acid composition comprising at least three organic acids, the organic acid 
composition comprising 2-hydroxy-4-(methylthio)butanoic acid and at least two 
organic acids chosen from butyric acid, lactic acid, and propionic acid, wherein 
the organic acid composition inhibits or kills more Salmonella in the food 
compared to when the food is treated with any single organic acid that forms the 
organic acid composition. 

Of practical importance, the currently claimed invention offers a 
substantial improvement over the prior art and generally includes a substantial, 
exponential, and/or logarithmic improvement in killing Salmonella in food {i.e., 10- 
fold or greater). The massive improvement in killing Salmonella in food is shown 
by the experimental results of record. See, e.g., Tables 14-16 at pages 76-78 of 
the originally filed specification. Notably, the "A log reduction" in Salmonella in 
Table 17, at page 79 of the specification shows an improvement over the control 
group from 10-fold improvement to over 1000% in some of the experimental 
blends, noting that logarithmic improvement of 3.0 indicates an improvement of 
10 A 3.0= 1,000 times. 

B. Unexpected Results Submitted by the Appellant; The Examiner's 
Failure to Consider Unexpected Results is Asserted to be Error in 
view of MPEP 2145 

In addition to the experimental results shown in the specification, the 
Appellant has previously submitted additional objective evidence of non- 
obviousness, including the 37 C.F.R. § 1 .132 declaration of Dr. Christopher 
Knight entered into the record, which states the currently claimed invention 
achieved significantly greater killing of Salmonella than could be achieved 
with any of the individual organic acids alone . An excerpt from item number 
four (4) from the declaration of Dr. Christopher Knight is provided below. 


450532.2 


8 


PATENT 

Application No.: 10/652,745 
Attorney Docket No.: 048968-1 17961 
Via EFS-Web 


4. We have research data, that In my opinion, demonstrates surprising 
and unexpected resufts for organic acid formulations failing within the 
scope of the '434 patent claims. As an example, attached to this 
Declaration is a graph (identified as figure 7} that depicts a synergistic 
effect for two organic acid formulations of the claimed invention. With 
reference to the attached graph, data is depicted tor the antimicrobial 
activity of five different organic acid compositions against Salmonella in 
feed. The five organic add compositions include: (1) 0.45% HMT8A 
atone {i.e., 2-hydroxy-4-(methylthio}butanoie acid, which is a 
compound of Formula {(} in the '4-34 application); (2) 0.45% butyric add 
atone; (3) 0.45% lactic acid alone; (4) blend OA 4, which is 0.15% 
(actio acid, 0.15% propionic acid, and 0.15% HMTBA; and {5) blend 
OA 6, which is 0.1% iactic acid, 0.1 % butyric acid, 0.1 % propionic acid, 
and 0.15% HMTBA. The antimicrobial experiments were conducted in 
accordance with Novus's standard protocol entitled "Low pH in Feed 
Test Procedure," a copy of which is attached to this Declaration. As 
depicted in the graph, the antimicrobial activity of either Mend OA 4 or 
blend OA 6 achieved significantly higher killing of Satmomtla at Sower 
concentrations than could be achieved with any of the single organic 
acids aione. 


The above-cited declaration was executed on September 25, 2007, and entered 
into the record on September 26, 2007, following the Examiner's non-final 
rejection on March 27, 2007. The objective evidence of non-obviousness, 
including the declaration and supporting figures and data, were resubmitted and 
explained numerous times to the Examiner, including September 26, 2007, April 
1 1 , 2008 (with reference to Figure 7), March 27, 2009, and also May 26, 2009. 

The evidence, however, was improperly discounted and ignored by the 
Examiner. As stated by the Office in the Final Action mailed December 1 1 , 
2007, at page 16, lines 14-23, "The declaration under 37 CFR 1.1 32 filed by Dr. 
Christopher D. Knight is insufficient to overcome the rejection ... is not 
convincing because no data is provided for the propionic acid alone for 
comparison." The Appellant asserts this is error by the Examiner, not only 
because the declaration itself states " achieved significantly higher killing of 
Salmonella at lower concentrations than could be achieved with any of the 
single organic acids alone ," but also because the Examiner has ignored the 
experimental results in the original filed specification (e.g., page 70, lines 25-27, 
"Combinations . . . were compared to feed treated with propionic acid alone, 
and the results are shown in Figures 13-15. "). (Emphasis added). See also 
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page 81 , lines 5-9, which states, "antibacterial effect of two organic acid/Alimet 
blends were compared with blends containing formic and propionic acids, and 
with no Alimet following the procedure set forth in Example 12." More generally, 
the prior art of record also shows that propionic acid alone is ineffective at 
inhibiting Salmonella in food, and that deference should have been given to Dr. 
Knight's substantial knowledge of the industry. Finally, the Appellant also 
provided supporting data and graphs, including Figure 7, showing particular OA4 
and OA6 blends of the current invention - again indicating surprising and 
unexpected results over the prior art or any of the individual organic acids alone. 

The Examiner has thus far ignored the Appellant's evidence of 
unexpected results in violation of MPEP 2145. MPEP 2145 states, "When 
considering whether proffered evidence is commensurate in scope with the 
claimed invention, Office personnel should not require the Appellant to show 
unexpected results over the entire range of properties 
possessed bv a chemical compound or composition . See, e.g., In re Chupp, 
816 F.2d 643, 646, 2 USPQ2d 1437, 1439 (Fed. Cir. 1987). Evidence that the 
compound or composition possesses superior and unexpected properties 
in one of a spectrum of common properties can be sufficient to rebut a 
prima facie case of obviousness ." (Emphasis Added). Id. 

Thus far, the Office has failed to consider the totality of differences 
between Appellant's claimed invention and the prior art, including the expert 
declaration and other objective evidence of non-obviousness. The Appellant 
respectfully asserts that the currently claimed invention is non-obvious, 
unexpected, and superior over the prior art. Reversal is respectfully requested. 

C. The Office Has Cited to Prior Art That Expressly Teaches Away 
and Indicates No Reasonable Expectation of Success; The Appellant 
Submits it Is Error for the Office to Ignore These Express Teachings Away 

In the Office Action dated December 23, 2008, at page 4, lines 16-17, the 
Examiner asserted that "Enthoven et al. teaches that 2-hydroxy-4- 
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(methylthio)butanoic acid has antimicrobial effect." As such the Examiner 
asserted that a skilled artisan would allegedly be motivated to combine 2- 
hydroxy-4-(methylthio)butanoic acid for the reason of antimicrobial effect . 
Yet, the asserted motivation to combine is not rational or related to the claimed 
invention, which is specifically directed to inhibiting Salmonella in food. Enthoven 
expressly states that 2-hydroxy-4-(methylthio)butanoic acid (also referred to as 
HMB, HMBA, or HMTBA) has no inhibitory effect on Salmonella. Specifically, the 
Enthoven abstract discloses "the results show there is no inhibitory effect of 
HMB (2-hydroxy-4-(methylthio)butanoic acid) or formic acid on Lactobacillus 
or Salmonella ." Enthoven thus teaches away from the currently claimed 
invention - a method of killing or inhibiting Salmonella in food. As such, the 
Examiner's asserted motivation to combine is flatly refuted by the 
reference to which the Examiner was citing . Simultaneously, the Enthoven 
reference also establishes that there would be no reasonable expectation of 
success to arrive at the currently claimed invention, which is directed to 
inhibiting Salmonella in food. As such, the teachings away by Enthoven support 
the Appellant's own evidence of nonobviousness, including the data shown in 
Figure 7. 

The Appellant asserts that it is error for the Examiner to ignore the 
teachings away by the prior art, particularly when they are consistent with the 
expert declaration and other evidence showing unexpected results and 
nonobviousness. Here, rather than weighing the evidence of nonobviousness 
provided by Enthoven, the Examiner merely stopped citing to the conflicting 
reference and appeared to ignore the objective evidence of nonobviousness that 
the reference provided. The Appellant respectfully asserts that MPEP 
2143.01(11) requires the Examiner to consider when one cited reference 
discredits or undercuts the basis for rejection . MPEP 2143.01(11) states, 
"The test for obviousness is what the combined teachings of the references 
would have suggested to one of ordinary skill in the art, and all teachings in the 
prior art must be considered to the extent that they are in analogous arts. Where 
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the teachings of two or more prior art references conflict the examiner 
must weigh the power of each reference to suggest solutions to one of 
ordinary skill in the art, considering the degree to which one reference might 
accurately discredit another . In re Young, 927 F.2d 588, 18 USPQ2d 1089 
(Fed. Cir. 1991)." Here, the Appellant respectfully asserts that the Board 
consider the entirety of the prosecution record, including the Enthoven reference 
which provides teachings away, undercuts the Examiner's asserted motivation to 
combine, and refutes any reasonable expectation of success for the purpose of 
inhibiting Salmonella in food. 

In addition, as provided by the MPEP, references cannot be combined 
where a reference teaches away from their combination . MPEP 2145(D)(2) 
states, "It is improper to combine references where the references teach away 
from their combination. In re Grasselli, 713 F.2d 731 , 743, 218 USPQ 769, 779 
(Fed. Cir. 1983) (The claimed catalyst which contained both iron and an alkali 
metal was not suggested by the combination of a reference which taught the 
interchangeability of antimony and alkali metal with the same beneficial result, 
combined with a reference expressly excluding antimony from, and adding iron 
to, a catalyst.)." In the present case, Enthoven states that neither HMTBA nor 
formic acid is effective at inhibiting Salmonella, but the Examiner is combining 
references exactly for that purpose - to kill Salmonella in food. Accordingly, the 
Examiner is citing references in violation of MPEP 2145. Nothing of record 
shows that HMTBA is effective against Salmonella in food, and the Examiner has 
thus far failed to identify a reason with a rational underpinning to make the 
alleged combination. 

Whereas the Examiner does not utilize the Enthoven reference in making 
the current rejections under § 103, the Examiner fails to consider that Enthoven 
discredits and undercuts the current basis for rejection. The fact that Enthoven is 
prior art of record that expressly teaches away is highly relevant to the current 
issues under appeal. In particular, the Enthoven reference is respectfully 
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asserted by the Appellant as evidence that the rejection under § 103 is without 
merit. Reversal is respectfully requested. 

D. The Examiner Has Not Shown a Reasonable Expectation of 
Success, as Required by MPEP 2143.02 

The evidence of record, including the Enthoven reference discussed 
above, show that a number of organic acids are individually ineffective at 
inhibiting Salmonella in food. None of the references cited by the Examiner 
provide guidance as to which organic acids combinations would provide a 
reasonable expectation of success against Salmonella in food. None of the 
references, whether considered alone or collectively, provide guidance as to 
which organic acids combinations would provide the unexpected results against 
Salmonella in food that is achieved under the currently claimed invention. 

To reject a claim under § 103, MPEP 2143.02 requires a reasonable 
expectation of success to arrive at the currently claimed invention . In light 
of the Supreme Court's instruction in KSR, the Federal Circuit has stated that, 
"rtlo the extent an art is unpredictable, as the chemical arts often are, 
KSR's focus on 'identified, predictable solutions' may present a difficult 
hurdle because potential solutions are less likely to be genuinely 
predictable " Eisai Co. Ltd. v. Dr. Reddy's Labs., Ltd, 533 F.3d 1353, 1359 (Fed. 
Cir. 2008). (Emphasis Added). Importantly, an obviousness determination 
requires that a skilled artisan would have perceived a reasonable expectation of 
success in making the invention in light of the prior art. In the present 
circumstance, the Examiner has failed to make an adequate or sufficient finding 
of fact regarding a reasonable expectation of success. 

Moreover, since the Appellant has provided evidence of unexpected 
results and unpredictability, the threshold required to establish reasonableness is 
asserted to be higher for the currently pending claims. In the present case, the 
Examiner has failed to meet the reasonableness standard with regard to 
unpredictable arts. See In re Kubin, 561 F.3d 1351, 1360 (Fed. Cir. 2009). 

13 

450532.2 


PATENT 

Application No.: 10/652,745 
Attorney Docket No.: 048968-1 17961 
Via EFS-Web 

MPEP 2144.08(e) states, " If the technology is unpredictable , it is less likely 
that structurally similar species will render a claimed species obvious because ]t 
may not be reasonable to infer that they would share similar properties . 

See, e.g., In re May, 574 F.2d 1082, 1094, 197 USPQ 601, 611 (CCPA 1978)." 
Here, in view of the foregoing (e.g., Enthoven), the Appellant has shown there 
was considerable unpredictability in the prior art regarding antimicrobial 
compositions and the inhibition of Salmonella in food. Reversal is respectfully 
requested. 

E. The Examiner Has Erred in View of MPEP 2144.09(V); 
Presumption of Obviousness Based on Structural Similarity is Overcome 
Where There is No Reasonable Expectation of Similar Properties; Reversal 
is Respectfully Requested 

In the Final Action issued October 14, 2009, at page 5, lines 14-17, the 
Examiner states, "It would have been obvious to a person of ordinary skill in the 
art at the time of invention to add organic acids such as lactic acid, butyric acid to 
the preservative composition taught by Dunn et al. because Bland et al. teaches 
that lactic acid, butyric acid has antimicrobial activity ." (Emphasis Added). The 
prosecution history, however, demonstrates that antimicrobial activity is 
unpredictable with respect to different microbes, including Salmonella in food. 
The Enthoven reference specifically undercuts the Examiner's assumption that 
all antimicrobials/antibiotics are effective against Salmonella in food. 
Accordingly, the Examiner has failed to show a reasonable expectation of 
success against Salmonella in food - as specifically recited bv the 
currently claimed invention . 

For the Examiner's broad interpretation of "antimicrobial activity " to be 
pertinent to the currently claimed invention, there would have to be a reasonable 
expectation of similar properties against Salmonella in food. In the present case, 
such a reasonable expectation of success has not been shown, has been refuted 
by the Appellant, and has been discredited by the prior art (i.e., Enthoven). The 
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Appellant respectfully asserts that a prima facie case of obviousness has not 
been made. 

MPEP 2144.09(V) recites that, "the presumption of obviousness based on 
structural similarity is overcome where there is no reasonable expectation of 
similar properties . . . See In re May, 574 F.2d 1082, 197 USPQ 601 (CCPA 
1978) (appellant produced sufficient evidence to establish a substantial degree of 
unpredictability in the pertinent art area, and thereby rebutted the presumption 
that structurally similar compounds have similar properties); In re Schechter, 205 
F.2d 185, 98 USPQ 144 (CCPA 1953). See also Ex parte Blattner, 2 USPQ2d 
2047 (Bd. Pat. App. & Inter. 1 987)." The facts in the present case are similar to 
those described in the MPEP, wherein there would be a substantial degree of 
unpredictability in the art. As such, the Examiner's presumption that all organic 
acids or antimicrobials have similar properties against Salmonella in food is 
mistaken and should be reversed. 

MPEP 2144.09(VII) states, "A prima facie case of obviousness based on 
structural similarity is rebuttable by proof that the claimed compounds possess 
unexpectedly advantageous or superior properties. In re Papesch, 315 F.2d 381 , 
137 USPQ 43 (CCPA 1963) . . . In re Wiechert, 370 F.2d 927, 152 USPQ 247 
(CCPA 1967) (a 7-fold improvement of activity over the prior art held sufficient to 
rebut prima facie obviousness based on close structural similarity)." Thus, the 
MPEP recognizes that a 7-fold improvement of activity may be sufficient to rebut 
prima facie obviousness based on structural similarity. In the present case, the 
Appellant has submitted evidence of a 10-fold improvement or greater, which has 
thus far been ignored by the Office. 

In the present case, the objective evidence of record shows substantial 
improvement, unexpected results, and superior properties over the prior art. The 
Examiner has cited no rebuttal evidence. Importantly, the Enthoven specifically 
undercuts the Examiner's assumption that all antimicrobials/antibiotics are 
effective against Salmonella in food. This undercuts the Examiner's contention 
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that all antimicrobials/antibiotics inherently perform this function or are 
predictable in this capacity. Reversal is respectfully requested. 

F. The Rejection of Claims 75, 77-87, 90-93, 115-117, 121-122, 124- 
125, 127-128, 130-131, and 134-137 under 35 U.S.C. 103(a) over Dunn et al., 
Blake et al., Buttin, and Bland et al. is Improper 

1. The Group I Claims Under Rejection (Claims 75, 77-85, 90-93, 
and 134-137) 

Claim 75 is representative of the Group I claims. Claim 75 is directed to a 
method of inhibiting or killing Salmonella in food. The method comprises treating 
the food with an antimicrobial composition. The antimicrobial composition 
comprises 2-hydroxy-4-(methylthio)butanoic acid and at least two organic acids 
chosen from butyric acid, lactic acid, and propionic acid. The organic acid 
composition inhibits or kills more Salmonella in the food compared to when the 
food is treated with any single organic acid that forms the organic acid 
composition 

The Final Action cites to Dunn et al., Blake et al., Buttin, and Bland et al. 
as allegedly disclosing one or more organic acids. Specifically, the Final Action 
at page 3, lines 7-9, asserts that "Dunn et al. teaches a method of killing 
microbes in animal feed such as pig feed, cattle feed, or poultry feed comprising 
treating animal feed with a binary blend of formic acid and propionic acid 
(preservative composition)." At page 4, lines 4-5, of the Final Action, the 
Examiner admits that, "Dunn et al. do not teach the employment of 2-hydroxy-4- 
(methylthio)butanoic acid in the preservative compositions therein." (Emphasis 
Added). The Examiner also admits at page 4, lines 6-7, "The prior art references 
do not specifically teach the employment of organic acids such as lactic 
acid, butyric acid ." Finally, the Examiner admits at page 4, lines 8-9, "The prior 
art references do not teach the particular amounts of 2-hvdroxv-4- 
(methylthio)butanoic acid, lactic acid, butyric acid . Despite these failings in 
the prior art, the Examiner asserts that, "Blake et al., teaches that Alimet, 2- 
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hydroxy-4-(methylthio)butanoic acid has antimicrobial activity, antifungal activity 
and thus on mixing Alimet (2-hydroxy-4- (methylthio)butanoic acid) with food kills 
microbes." Buttin et al. is further asserted to teach that in addition to providing a 
methionine source to food pH and provide relatively strong acid effect with a pKa 
of 3.6 (formic acid pKa = 3.75). Bland et al. is finally asserted to teach that 
organic acids such as formic acid, propionic acid, butyric acid, lactic acid have 
antibacterial properties and kill bacteria in solution . (Emphasis Added). 

The alleged motivation to combine the cited references, as provided by 
the Examiner at page 5 of the Final Action is asserted as follows: "It would have 
been obvious to a person of ordinary skill in the art at the time of invention to add 
2-hvdroxv-4-(methv1thio)butanoic acid to the preservative composition 
taught by Dunn et al. because Blake et al. , teaches that 2-hydroxy-4- 
(methylthio)butanoic acid is an effective nutrient in poultry feed , and Blake et 
al., Buttin et al. teaches that 2-hydroxy-4-(methylthio)butanoic acid has 
antimicrobial activity ." 

a. The Examiner Fails to Make a Prima Facie Case of 

Unpatentability under § 103; All Claim Limitations Not 
Taught or Suggested 

Collectively, the Examiner has cited to references that show organic acids 
being generally antimicrobial, without regard to which combinations, if any, are 
successful at inhibiting a specific microbe, Salmonella in food. The currently 
claimed methods require using "2-hydroxy-4-(methylthio)butanoic acid and at 
least two organic acids chosen from butyric acid, lactic acid, and propionic 
acid," for inhibiting or killing Salmonella in food . Although two organic acids 
from this group are required, the Examiner admits that, " The prior art 
references do not specifically teach the employment of organic acids such 
as lactic acid, butyric acid " 

In the Final Action at page 6, lines 21-22, and page 7, lines 1-2, the 
Examiner asserts that, "Further, it is pointed out that Dunn et al. teach that the 
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mixture of formic acid, and propionic acid is a more potent inhibitor of salmonella 
infections than formic acid alone i.e. mixtures of organic acids is more potent 
than using a single organic acid." (Emphasis Added). The Appellant respectfully 
object to this comparison and conclusion by the Examiner because formic acid 
has no inhibitory effect against Salmonella - it is a false comparison. Per 
Enthoven, "[T]he results show there is no inhibitory effect of HMB (2-hydroxy-4- 
(methylthio)butanoic acid) or formic acid on Lactobacillus or Salmonella." It is 
not obvious to combine acids which are thought to have no inhibitory 
effect against Salmonella for the purpose of inhibiting Salmonella in food. 
None of the references cited by the Examiner indicate that HMBA, formic acid, 
lactic acid, or butyric acid is effective against Salmonella in food, as required by 
the currently pending claims. In fact, the Enthoven reference, as discussed 
above, teaches away from the Examiner's assumption that all organic acids have 
the same properties with regard to Salmonella. 

As an additional matter, the Examiner has made no finding whatsoever 
regarding the claim limitation that the "composition inhibits or kills more 
Salmonella in the food compared to when the food is treated with any single 
organic acid that forms the organic acid composition." The Examiner has also 
repeatedly failed to consider the claimed invention "as a whole," as required by 
the statutory language of § 103. Accordingly, it is respectfully submitted that the 
Examiner has failed to teach or suggest all claim limitations, as required under 
§ 103. Reversal is respectfully requested. 

b. The Examiner's Asserted Motivation to Combine 

References Lacks a Rational Underpinning 

The Examiner's asserted basis for combining references is that HMTBA is 
a nutrient and that organic acids are generally known or assumed to have some 
antimicrobial properties. The Appellant respectfully asserts that this reason to 
combine is overbroad, lacks a rational underpinning, and is contrary to the prior 
art of record as exemplified by Enthoven. If the claimed organic acids are known 
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to be ineffective against a particular microbe, such as Salmonella (See 
Enthoven), then there is no rational motivation to combine them for the claimed 
method of use. In the present case, the prior art and the Examiner admitted that 
there are no specific teachings regarding a number of the claimed organic acids 
and Enthoven teaches away regarding HMTBA. Importantly, every organic acid 
combination recited in the claims requires HMTBA. Next, one of skill in the art 
would appreciate that there is a high degree of unpredictability regarding the 
chemical arts, and that the addition or subtraction of an individual ingredient may 
substantially alter the properties of the overall organic acid blend. Reversal is 
respectfully requested. 

c. The Examiner's Asserted Combination Fails to Provide a 

Reasonable Expectation of Success 

In view of the foregoing comments and arguments, which are hereby 
incorporated and reasserted, the Appellant respectfully asserts that the Office's 
asserted basis for rejection provides no reasonable expectation of success in 
arriving at the currently claimed invention. In particular, the Office fails to identify 
which combinations of organic acids, if any, are effective at killing Salmonella in 
food. The identification of separate ingredients in different prior art references, 
without regard to whether they are the critical ingredient or effective at killing 
Salmonella on their own, is an insufficient basis for rejection under § 103. 

There may be an infinite number of food additives that could potentially be 
used to modify the microbial characteristics of a food composition. There is no 
indication in the prior art, however, which additives or combination of additives 
are critical at inhibiting or killing Salmonella in food. This is particularly true since 
the Ivey reference 16 (col. 6, lines 8-10), has shown that some microorganisms 
may grow and thrive in acidic environments, including those containing Alimet 
and propionic acid. Reversal is respectfully requested. 

16 The Ivey reference was cited by the Office in the Final Office Action mailed December 1 1 , 
2007, as well as the Non-Final Office Action mailed March 27, 2007. 

19 

450532.2 


PATENT 

Application No.: 10/652,745 
Attorney Docket No.: 048968-1 17961 
Via EFS-Web 


d. Blake ef al. ("Blake") Teaches Away; Blake Describes 

Methionine Analogues Not Useful as Animal Food 
Supplements 

The Final Action's reliance on the Blake patent is also misplaced. The 
passages cited and relied on by the Office (i.e., Blake ef al., at col. 1 , lines 39-41) 
does not actually refer to 2-hydroxy-4-(methylthio)butanoic acid but to new 
chemical variants with substantially different molecular structure and function. 

"Other methionine analogues differ considerably 
from the natural methionine in molecular 
structure and because of the unnatural configuration 
are not useful as animal feed supplements . Many 
of these are absorbed by the plant and animal 
structures and have toxic effects due to the inability 
of the organism to assimilate the analogue . . . Thus 
many of the new compounds are useful as fungicides, 
bactericides, virus control agents [etc.]" 17 

Even though the new compounds are deadly to microorganisms, the Blake 
patent teaches awav from use of these variants in animal food and water by 
reciting they are " not useful as animal feed supplements " and " have toxic 
effects ." (Emphasis Added). Even if these toxic chemicals could theoretically be 
regulated as applied to the surface of plants or animals to remove certain 
microorganisms, the Blake patent provides no teachings for how these 
variant chemicals could be ingested or combined with food supplements . 
Therefore, these toxic analogues are considerably different from the previously 
known animal feed additives and methionine derivatives. Blake fails to provide 
the necessary teachings as relied upon by the Final Action, and teaches away 
since the new compounds are not useful for animal feed supplements. More 
importantly, Blake does not disclose or suggest the use of the presently claimed 
HMTBA, a methionine derivative. 


17 See, e.g., Blake et al. at col. 1, lines 31-42. 
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e. Bland et al. ("Bland") Teaches Away; Organic Acids Are 

Not Effective At Killing Bacteria in Foodstuffs Without 
Formaldehyde 

The Office relies on Bland to support that the animal feed composition[s] 
comprise antibacterial agents formic acid, propionic acid, lactic acid. 18 Although 
the cited animal feed compositions do include these ingredients, Bland et al. 
states that the ingredients are not effective at killing bacteria in animal feedstuffs, 
including Salmonella. 


TMlanv compounds with known bacteriocidal 
properties , such as lactic acid, propionic acid, formic 
acid, butyric acid, sorbic acid, benzoic acid and 
combinations of these have been tested. While many 
of these agents kill bacteria in solution, they do not 
kill all the bacteria in animal feedstuffs . Woolford, 
M. K., "Microbiological Screening of Food 
Preservatives, Cold Sterilants and Specific 
Antimicrobial Agents as Potential Silage Additives", J. 
Sci. Ed. Agric. 1975, 26, 229-237. To be effective 
against Salmonella, a bacteriocidal treatment 
must kill essentially all of the bacteria . Methods 
that kill 95% or even 99% are largely ineffective 
because the residual bacteria can multiply rapidly and 
recontaminate the feedstuff, and eventually the entire 
processing facility." 19 

"A prior art reference must be considered in its entirety, i.e., as a whole, including 
portions that would lead away from the claimed invention." 20 Taken in context, 
Bland actually teaches that the required key ingredient for a bactericidal 
composition is formaldehyde . (Emphasis Added). As such, it is respectfully 
asserted that the Office cannot merely show that certain components are 


18 See, e.g., Final Action at page 4, lines 19-21. 

19 See, e.g., Bland ef al. at col. 2, lines 20-34. (Emphasis Added). 

20 See, e.g., MPEP § 2141 .02; W.L Gore & Associates, Inc. v. Garlock, Inc., 721 F.2d 1540 (Fed. 
Cir. 1983). 
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effective in solution, if they are not effective at killing Salmonella in food, as 
required by claim 75. 

"[S]uch treatments fail to eliminate the Salmonella 
effectively when too little formaldehyde is used or 

when the solution is not sprayed uniformly onto the 
feedstuff, thereby allowing some small number of 
bacteria to survive and multiply." 21 

Because one of skill in the art would view all embodiments of the Bland patent to 
expressly or implicitly require formaldehyde in order to successfully inhibit or kill 
microbes in food compositions, the Bland reference may be said to teach away. 
The currently claimed invention does not recite or require any formaldehyde. 
Consequently, Bland provides no expectation of success for using organic acids 
without the addition of large amounts of formaldehyde. 

f. The Buttin Reference is Cited Out of Context 

The Buttin reference indicates that there is greater weight gain in pig diets 
having DL-HMB instead of DL-methionine as a protein source. There is no 
statement regarding DL-HMB having an antimicrobial effect on any specific 
microbe or microbes generally. The Buttin references states that, "The recent 
ban on antibiotic growth promotants has dramatically reinforced interest in the 
benefits of diet acidification." However, this fails to indicate that HMBA, or any 
other acid that contributes to acidification, is effective against any particular 
microbe or Salmonella in particular. The Appellant respectfully asserts that the 
Examiner has cited Buttin out of context. 

g. In re Kerkhoven Does Not Properly Apply 

Due to the contradictory teachings of the prior art as indicated above, the 
Office's reliance on In re Kerkhoven, 626 F.2d 848 (CCPA 1980) in the Final 


21 See, e.g., Bland etal. at col. 2, lines 39-43. 
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Action is misplaced. To reiterate, none of the currently cited reference discloses 
or suggests the use of HMTBA as an antimicrobial effective against Salmonella 
in food, as presently claimed. Every currently pending claim recites HMTBA as 
part of a method of killing or inhibiting Salmonella in food. 

In re Kerkhoven was cited on the belief that the cited references show 
antimicrobial agents that are useful for the same purpose. However, close 
evaluation of the cited prior art has revealed that these teachings do not exist or, 
alternatively, that the individual components are ineffective or insufficient for the 
purposes of the currently claimed invention - killing or inhibiting Salmonella in 
food. In a number of instances, it has been shown that the prior art actually 
teaches away from the claimed methods. For example, Enthoven states that 
HMBA is ineffective at inhibiting Salmonella. While Blake describes variants of 
methionine with toxic effects, these particular chemicals are recited as 
unacceptable for animal food. Finally, Bland teaches away by reciting that 
several organic acids are bacteriocidal in solution, but are insufficient at killing 
bacteria in feedstuffs without large amounts of formaldehyde. As such, the 
currently claimed invention is not taught or suggested by the prior art, and In re 
Kerkhoven does not properly apply. 

h. Previously Submitted Evidence Supports a Finding of 

Non-Obviousness 

The Declaration of Dr. Knight under 37 C.F.R. §1 .1 32 shows that the 

individual organic acids are inadequate for the limitations of the claimed 

invention. The following passage from the Declaration states that the methods of 

the claimed invention also demonstrate unexpected results. 

"... [w]e have research data, that in my opinion, 
demonstrates surprising and unexpected results 
for organic acid formulations falling within the 
scope of the '434 patent claims . As an example, 
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attached to this Declaration is a graph (identified as 
figure 7) that depicts a synergistic effect . . ," 22 

Also, every organic acid recited in claim 75, when tried alone, was not effective at 
killing Salmonella in food. As such, the Declaration is evidence that further 
supports allowance of the presently pending claims. 

In addition to the Declaration of Dr. Knight, the Appellant also previously 
submitted the Warnecke et al. review article as part of the response to the non- 
final Office Action mailed March 27, 2007. 23 The Warnecke et al. review article 
cites to work done pre-filing to which a skilled artisan would appreciate as 
indicating unpredictability in the microbial arts. Thus, the general state of 
knowledge in the microbial arts at the time of filing supports the notion that a 
random selection of organic acids would be unpredictable for the purpose of the 
currently claimed invention. The Warnecke etal. review article exemplifies this 
unpredictability, and reveals that many microorganisms may live and thrive in 
acidic environments. 24 Individual organic acids uniquely, and at times 
unpredictably, impact microbe cell growth, regulatory pathway, turgor pressure, 
and cell landscape. 25 Every organic acid may potentially cause a unique 


22 37 C.F.R 1.132 Declaration of Dr. Christopher Knight, at paragraph 4, a copy of which was 
submitted with the response to the Office Action dated March 27, 2007. (Emphasis Added). 

23 A copy of the Warnecke ef al. review article was submitted to the USPTO on September 26, 
2007, as part of the response to the non-final Office Action mailed March 27, 2007. 

24 Warnecke, T., and Gill, R., Microbial Cell Factories (2005) 4:25, a copy of which was submitted 
with the response to the Office Action dated March 27, 2007. 

25 Id. For example, see the third page, column two of the article, which states: 

Organic acid anions affect cell growth in a variety of manners. Increased anion concentration 
has been shown to lead to an increased transport of potassium ions into the cell, which increases 
turgor pressure [47,481. To maintain a constant turgor pressure and cell volume, glutamate is 
transported out of the cell [48]. This transport activity concomitantly disrupts the osmolarity of the 
cytoplasm, which in turn lowers the cell's growth potential and viability. In addition to this general 
anion effect, there are also effects specific to each organic acid. It has been proposed that 
enzymes involved in protein synthesis are sensitive to a combination of two unrelated 
mechanisms, including the acidification of pHi and the formation of an anionic pool [35]. Although 
this finding implies that the organic inhibition due to the anion pool could be acid specific , 
the details describing this dual inhibition mechanism remain unclear. Kirkpatrick et al. reported 
proteins exhibiting increased expression in response to extracellular acetate [33]. Among these 
are the OppA transporter, RpoS regulon, several amino acid uptake proteins, DNA binding 
proteins, and extreme-acid preiplasmic chaperones. Interestingly, when formate was introduced 
in place of acetate the expression of the previously mentioned proteins was repressed, 
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response by an individual microorganism. Additionally, the degree of 
bioavailability (i.e., ability to reach the target microbe) varies for different organic 
acids, and different microbes are resistant to different pH ranges. With this 
degree of unpredictability, a skilled artisan empowered with the cited prior art and 
the general knowledge of the microbial arts would not have a reasonable 
expectation of success in combining references as indicated by the Final Action. 

"Evidence rebutting a prima face case of obviousness can include: 
'evidence of unexpected results,' [and] evidence 'that the prior art teaches away 
from the claimed invention in any material respect' . . . When a patent Appellant 
puts forth rebuttal evidence, the Board must consider that evidence." 26 In the 
present case, the Appellant has previously submitted substantial evidence of 
unexpected results to rebut a finding of obviousness. While synergism is not a 
requirement of non-obviousness, 27 it has been shown that synergism and 
unexpected results exist in the present case. The combination of the claimed 
invention is greater than the additive effect of what would be expected from the 
sum of the individual components. In fact, as exemplified in Figure 7, none of the 
recited organic acids in claim 75 were effecting at killing Salmonella in food. 
When synergism is present, particularly in a chemical case, it is indicative of non- 
obviousness. 28 

The data of record shows that the combination of the claimed invention 
kills a substantially greater number of microbial colonies, as compared to the 
organic acids tested. For example, in Figure 7 that accompanied the Declaration 
of Dr. Knight, Blend OA 4 and Blend OA 6 were shown to have approximately a 
10-fold improvement compared to any of the single organic acid compositions 
tested at equivalent volumes. Blends OA 4 and OA 6 are embodied by the 


indicating that the response was anion specific . This finding introduces new challenges in 
addressing organic acid tolerance. Specifically, it highlights the need to engineer both pH and as 
well as specific anion tolerance into host organisms. (Emphasis added). 

26 See, e.g., In re Sullivan, 498 F.3d 1345, 1351 (Fed. Cir. 2007) (internal citations omitted). 

27 Gardner v. TEC Sys. Inc., 725 F.2d 1338, 1349 (Fed. Cir. 1984) (en banc). 

28 Stratoflex, Inc. v. Aeroquip Corp., 713 F.2d 1530, 1540 (Fed. Cir. 1983). 

25 

450532.2 


PATENT 

Application No.: 10/652,745 
Attorney Docket No.: 048968-1 17961 
Via EFS-Web 

currently claimed invention. By way of example, claims 127 and 128 specifically 
recite the composition of Blend OA 6. 

Among other considerations, the previously cited Ivey reference 29 provides 
evidence that propionic acid in combination Alimet does not reliably inhibit or kill 
microbes in food or water. In the non-final Office Action mailed March 27, 2007, 
the Examiner originally asserted at page 5, lines 4-7, that "Ivey's method 
inherently inhibits or kills microbes in a subject such as poultry feed, since the 
method steps are same as the instant method steps, mixing the same compound 
in the same effective amount to the same subject will cause the same effect, 
whether or not that effect is specifically disclosed by the prior art." (Emphasis 
Added). However, it was later identified by the Appellant that Ivey's 
methods are not inherently antimicrobial, since the Ivey composition is 
used to deliver a probiotic or microbial to the animal . See, e.g., Appeal Brief 
Filed September 10, 2008, at pages 8-9 (below excerpts taken from previously 
filed Appeal Brief)." 

"TM High moisture solid of the present invention, 
therefore, may be used as a vehicle to administer 
direct-fed microbials to poultry and other animals. 
When used for this purpo.se, the high molsture;:.soiid 
should contain sufficient colony forming units of 
the yeast or bacte r ium to , be of be nefit to the 
animal* 21 *" 

'The present invention is also directed to a 
composition and. process for inoculating poultry and 
other animals with living cells such as yeast or 
bacteria '' 22 

^ See t; e,g„ ivey et at at col 6, lines 8-1 9. (Emphasfs.Added). 
■ See, e.a. id. at cot. 2. lines 65-67. {'emphasis Added \. 


29 The Ivey reference was cited by the Office in the Final Office Action mailed December 1 1 , 
2007, as well as the Non-Final Office Action mailed March 27, 2007. 
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Similarly, the previously cited Bland reference states that ". . . many 
compounds with known bacteriocidal properties, such as . . . propionic 
acid . . .and combinations of these have been tested. While many of these 
agents kill bacteria in solution, they do not kill all the bacteria in animal 
feedstuffs. " 30 Therefore, the general state of the art supports the non- 
obviousness evidence submitted by the Appellant. Finally, previously submitted 
data shown in Figure 7, including a comparison between propionic acid and 
HMTBA, indicated that propionic acid alone is ineffective for the purposes of the 
claimed invention. 31 Again, because the provided evidence and experimental 
results shows that each individual organic acid was not effective at killing or 
inhibiting Salmonella in food, the currently claimed invention combination of 
elements is both surprising and unexpected over the prior art. As such, the 
evidence of record plainly shows that the currently claimed invention is, as a 
whole, non-obvious. Reversal is respectfully requested. 

2. The Group II Claims Under Rejection (Claims 86 and 87) 

Claim 86 is representative of the Group II claims under rejection. Claim 
86 is directed to a method of killing Salmonella in food. The method comprises 
treating the food or water with an antimicrobial composition, and feeding to a 
ruminant animal . (Emphasis Added). The antimicrobial composition comprises 
2-hydroxy-4-(methylthio)butanoic acid and at least two organic acids chosen from 
butyric acid, lactic acid, and propionic acid. The organic acid composition inhibits 


30 See, e.g., Bland ef al. at col. 2, lines 20-34. (Emphasis Added). 

31 The comparison between propionic acid and HMTBA for Salmonella was previously submitted 
by the Appellants and entered into the record pursuant to 37 C.F.R. §1.1 16(e). The Advisory 
Action mailed May 14, 2008 indicated that the request for reconsideration had been considered 
and made of record, even though the specifically requested claim amendments were not 
permitted. Furthermore, the Appellants had good and sufficient reasons why the affidavit was 
necessary and was not earlier presented, since the Examiner had specifically stated that "HMTBA 
is not convincing because no data is provided for the propionic acid alone for comparison." See, 
e.g., Final Action at page 16, lines 22-23. As such, the recited evidence was properly entered 
into the record. 
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or kills more Salmonella in the food compared to when the food is treated with 
any single organic acid that forms the organic acid composition 

The arguments asserted above are hereby incorporated reasserted with 
respect to claims 86 and 87. In particular, the cited references have been 
previously shown above to teach away from the currently claimed invention, 
provide no motivation to combine, and give no expectation of success regarding 
inhibiting or killing Salmonella in food. More specifically, the cited art 
combination provides no motivation to combine and no expectation of success 
with particular regard to ruminant animals. (Emphasis Added). Reversal is 
respectfully requested. 

3. The Group III Claims Under Rejection (Claims 115-117) 

Claim 116 is representative of the Group III claims under rejection. Claim 
1 15 is directed to a method of killing Salmonella in food as recited in Claim 75 
(as discussed above), but additionally requires the composition having a pH of 
about 4 to about 5. 

The arguments asserted above) are hereby incorporated and reasserted 
with respect to claims 115-117. In particular, the cited references been 
previously shown to teach away from the currently claimed invention, provide no 
motivation to combine, and give no expectation of success regarding inhibiting or 
killing microbes in food or water. The cited art combination provides no 
motivation to combine and no expectation of success regarding composition 
having a pH of about 4 to about 5 for a method of inhibiting or killing 
Salmonella in food. (Emphasis Added). Reversal is respectfully requested. 

4. The Group IV Claims Under Rejection (Claim 121-122, 124-125, 
127-128, and 130-131) 
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Claim 122 is representative of the Group IV claims under rejection. Claim 
122 is directed to a method of killing Salmonella in food (as discussed above), 
but additionally recites that the content of 2-hydroxy-4-(methylthio)butanoic acid 
is from about 20% to about 40% of the sum of the 2-hydroxy-4- 
(methylthio)butanoic acid, butyric acid, and lactic acid content; the content of the 
butyric acid is from about 10% to about 30% of said sum; and the content of the 
lactic acid is from about 10% to about 30% of said sum. 

The arguments asserted above are hereby incorporated and reasserted 
with respect to claims 121-122, 124-125, 127-128, and 130-131. In particular, 
the cited references have been previously shown to teach away from the 
currently claimed invention, provide no motivation to combine, and give no 
expectation of success regarding inhibiting or killing Salmonella in food. Even 
more specifically, the cited art combination provides no motivation to combine 
and no expectation of success regarding specific percentages of 2-hydroxy-4- 
(methylthio)butanoic acid, formic acid, and propionic acid as claimed by the 
Group IV claims. (Emphasis Added). The teachings away as identified above 
and the unpredictability in the microbial arts indicate that the claimed 
percentages would not have been within the skill in the art. As such, the Office's 
reliance on In re Bosch, 205 USPQ 215 (CCPA 1980) for the selection of optimal 
parameters 32 is not supported by either the cited art or the general state of the 
technology. Reversal is respectfully requested. 

G. The Rejection of Claims 88-89 under 35 U.S.C. 103(a) over Dunn 
et al., Blake et al., Buttin, Bland et al., and Pinski et al. is Improper 

Claims 88-89 are directed to methods of killing Salmonella in food fed to 
an aquaculture animal and belong to the Group I claims. Claim 75 is 
representative of the Group I claims. The arguments asserted above are hereby 
incorporated reasserted with respect to claims 88-89. 


32 See, e.g., Final Action at page 7, lines 7-9. 
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The cited references have been previously shown to teach away from the 
currently claimed invention, provide no motivation to combine, and give no 
expectation of success regarding inhibiting Salmonella in food. The Office has 
cited Pinksi because it generally relates to aquaculture and is said to disclose 
antimicrobial agents "selected from propionic acid, salt of propionic acid, citric 
acid, or a salt thereof." 33 

The teachings of Pinski are limited to oil-coated, encapsulated, moistured 
aquaculture feed having a particle size of less than about 1000 micrometers. 
Pinksi provides no teachings for foods that are not oil-coated and encapsulated. 
Pinski also teaches away from the claimed invention by packaging foodstuff with 
bacteria that do not appear to be adversely affected, inhibited, or killed by the so- 
called antimicrobials. 34 

"In one aspect, powdered feed, endo-probiotic 
bacteria and/or ecto-probiotic bacteria, water and oil 
are mixed to provide a feed which not only can 
enhance the value of the feed for certain species of 
aquatic life, such as shrimp, but the release of such 
bacteria can help maintain a clean water environment 
. . . Endo-probiotic bacteria which may be used in 
the product of the invention include dried B. 
licheniformis and B. subtilis strains commercially 
available . 

It has also been shown by Bland that the specific organic acids listed by Pinski 36 
are not effective at killing microbes in animal feedstuffs without large amounts of 
formaldehyde. This teaching away by Bland contradicts any supposed 
motivation to combine the references cited in this rejection, and supports a 
finding of non-obviousness. Reversal is respectfully requested. 


33 See, e.g., Final Action at page 8, lines 1-2. 

34 See, e.g., Pinski ef a/, at published paragraph [0015]. 

35 See, e.g., id. (Emphasis Added) 

36 See, e.g., id. at published paragraph [0010]. 
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H. The Rejection of Claims 94-95 under 35 U.S.C. 103(a) Dunn et al., 
Blake et al., Buttin, Bland et al., and Friedman et al. ("Friedman") is 
Improper 

Claims 94-95 are directed to a method of killing or inhibiting Salmonella in 
food that is fed to a companion animal, and belong to the Group I claims. Claim 
75 is representative of the Group I claims. The arguments asserted above are 
hereby incorporated and reasserted with respect to claims 94-95. The Office 
cites Friedman because it is alleged that it teaches "pet food for feeding pets 
such as dog food contains antibacterial agents." 37 

The cited references have been previously shown to teach away from the 
currently claimed invention, provide no motivation to combine, and give no 
expectation of success regarding inhibiting or killing microbes in food. Notably, 
the cited prior art combination fails to teach a composition that would have 
a reasonable expectation of success at killing Salmonella in food. 

Friedman does not teach, disclose, or suggest HMBA as claimed by the 
Appellant. It has also been shown by Bland that the organic acids disclosed by 
Friedman 38 are not effective at killing microbes in animal feedstuffs without large 
amounts of formaldehyde. This teaching away by Bland contradicts any 
supposed motivation to combine or expectation of success, and supports a 
finding of non-obviousness. Reversal is respectfully requested. 

I. The Rejection of Claims 114, 123, 126, 129, and 132 under 35 U.S.C. 
103(a) over Dunn, Blake, Buttin, Bland, and Rolow etal. ("Rolow") is 
Improper 

I. The Group III Claims Under Rejection (Claim 114) 

Claim 114 is representative of the Group III claims under rejection. The 
method of claim 1 14 is dependent on claim 75, but further comprises an 
acidulant selected from the group consisting of phosphoric acid, sulfuric 


| 7 See, e.g., Final Action at page 8, lines 20-21. 

18 See, e.g., Friedman et al. at col. 3, lines 64-67, col. 4, lines 1-16. 
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acid, phosphorous acid, hydrochloric acid, hvdrobromic acid, and nitric 
acid. (Emphasis Added). 

The arguments asserted above are hereby incorporated and reasserted 
with respect to claim 114. The Office cites the Rolow reference as allegedly 
disclosing a liquid preservation composition to extend the shelf life of tortillas 
made from corn. In a preferred embodiment, the preservation composition of 
Rolow is said to comprise "phosphoric acid, propionic acid, and benzoic acid." 39 

The cited references have been previously shown to teach away from the 
currently claimed invention, provide no motivation to combine, and give no 
expectation of success regarding inhibiting or killing microbes in food or water. 
Notably, the cited prior art combination fails to teach a composition that 
would have a reasonable expectation of success at killing Salmonella in 
food. 

More specifically, Rolow is limited to tortillas and products made from 
tortilla flour. 40, 41 Rolow indicates that a number of known antimicrobial 
preservatives, including those claimed by Appellant, are unacceptable for 
individual use in tortillas because they adversely affect taste and odor. 42 Rolow 
specifically identifies fumaric acid and benzoic acid to be unsatisfactory as 
individual antimicrobial agents in tortillas, giving an off flavor and being 
ineffective at controlling growth of high level organisms 43 44 (Emphasis 


39 See, e.g., Final Action at page 9, lines 18-21. 

40 "[l]t can be seen that the combination of benzoic acid with propionic acid and phosphoric acid, 
in the proportions specified, is an effective preservative for products made from tortilla flour." 
(See, e.g., Rolow ef al. at col. 7, lines 47-51). 

41 "This invention relates generally to methods and chemicals for extending the shelf life of corn 
tortillas or wheat tortillas, and specifically the preservation of corn tortillas or wheat tortillas . . ." 
(See, e.g., id. at col. 1, lines 12-15). 

42 "Various antimicrobial preservatives have been proposed, however they have limitations of 
increasing the cost of producing tortilla and/or adversely affecting the taste and odor." (See, e.g., 
id. at col. 1 , lines 35-38). 

43 "[A]cidulants such as fumaric acid or citric acid, are used to reduce pH levels. A major 
drawback resulting from this type of preservative mixture is the lingering after-taste of the 
acidulant. These preservative mixtures have successfully increased the shelf life of tortillas . . . 
However, the taste of the tortillas containing these preservatives has not been satisfactory. Also 
the supply of some of these preservatives have been limited, making them difficult to or 
expensive to obtain." (See, e.g., id. at col. 2, lines 5-13). 
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Added). Fumaric acid and benzoic acid are two of the organic acids specifically 
recited in the Group III claims. The teachings away by Rolow may not be 
disregarded, since two of the "primary indications of spoilage in tortillas is an off 
odor or taste . . ." 45 Taken in context, it is apparent that only the specific 
combination of acids described by Rolow actually yields a "surprisingly . . . fresh 
taste with a slight sweetness at the finish" for tortillas. 46, 47 One of skill in the art 
would therefore view Rolow as being limited to tortilla products and 
ineffective at controlling growth of high level organisms 48 At a minimum, it 
is entirely unclear whether the Rolow tortilla preservative composition would have 
any inhibitory effect on Salmonella. Reversal is respectfully requested. 

2. The Group IV Claims Under Rejection (Claims 123, 126, 129, 
and 132) 

Claim 123 is representative of the Group IV claims under rejection. Claim 
120 is directed to a method of inhibiting or killing Salmonella in food. The 
method comprises treating the food or water with an antimicrobial composition. 
The antimicrobial composition comprises at least two organic acids selected from 
the group consisting of formic acid, butyric acid, fumaric acid, lactic acid, benzoic 
acid, and propionic acid; and a third organic acid that is a compound of formula 
(I). More specifically, claim 123 requires the content of the phosphoric acid 
is from about 20% to about 40% of said sum. . (Emphasis Added). 


44 "Benzoic acid is a well-known food preservative . . . generally used only in very acidic foods 
such as pickles, soft drinks and dressings. . . Benzoic acid is also known to impart an off flavor. 
Because of the narrow pH range in which it has generally been effective and because of its off- 
flavor, it is being replaced by other preservatives. Benzoic acid has not been effective to control 
the growth of high-levels of microorganisms. Because tortillas generally have a pH level above 
the optimum effective antimicrobial range of benzoic acid, benzoic acid has not been commonly 
used as a tortilla preservative." (See, e.g., id. at col. 3, lines 12-27) (internal citations omitted). 

45 See, e.g., id. at col. 1, lines 35-38. 

46 See, e.g., id. at col. 4, lines 16-19. 

47 See, e.g., id. at col. 4, lines 43-46. 

48 Id. 
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The arguments asserted above in are hereby incorporated reasserted with 
respect to claims 123, 126, 129, and 132. In particular, the cited references have 
been previously shown to teach away from the currently claimed invention, 
provide no motivation to combine, and give no expectation of success regarding 
inhibiting or killing microbes in food or water. Even more specifically, the cited art 
combination provides no motivation to combine and no expectation of success 
regarding specific the percentages as recited by claim 123. 126. 129, and 
132. (Emphasis Added). Reversal is respectfully requested. 

J. Conclusion 

For the foregoing reasons, the Appellant respectfully submits that the 
currently pending claims are patentable over the prior art, and request that the 
rejection of these claims as being unpatentable under 35 U.S.C. § 103 (a) be 
reversed. The Commissioner is hereby authorized to change any and all fees 
that may be required or credit any overpayment to Deposit Account No. 50-1662. 

Polsinelli Shughart PC 
Respectfully submitted, 

Date: September 23. 2010 By: /Kathrvn J. Doty/ 

Kathryn J. Doty, Registration No. 40,593 
100 South Fourth Street, Suite 1 100 
St. Louis, MO 63102 
Tel: (314) 889-8000 
Fax: (314) 231-1776 
Attorney for Appellant 
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Claims Appendix to Appeal Brief Under Rule 47.37(c)(1)(viii) 

Claims1-74 (canceled). 

Claim 75 (previously presented). A method of inhibiting or killing microbes 
comprising Salmonella in food, the method comprising treating the food with an 
organic acid composition comprising at least three organic acids, the organic acid 
composition comprising 2-hydroxy-4-(methylthio)butanoic acid and at least two 
organic acids chosen from butyric acid, lactic acid, and propionic acid, wherein 
the organic acid composition inhibits or kills more Salmonella in the food 
compared to when the food is treated with any single organic acid that forms the 
organic acid composition. 

Claim 76 (canceled). 

Claim 77 (previously presented). The method of claim 75 wherein said food is 
selected from the group consisting of human food, livestock food, pet food, or 
aquaculturefood. 

Claim 78 (previously presented). The method of claim 77 wherein said 
composition is mixed with the food as it is formulated. 

Claim 79 (previously presented). The method of claim 78 wherein said 
composition is applied to a pre-mixed or pre-pelleted feed. 
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Claim 80 (previously presented). The method of claim 79 wherein said 
composition, subsequent to treating said food, is uniformly dispersed throughout 
said food. 

Claim 81 (previously presented). The method of claim 75 wherein said food 
comprises a meat or bone meal. 

Claim 82 (previously presented). The method of claim 75 wherein said food is 
dry food. 

Claim 83 (previously presented). The method of claim 75 wherein said food is 
liquid food. 

Claim 84 (previously presented). The method of claim 75 wherein said food is a 
combination of dry feed and liquid food. 

Claim 85 (previously presented). The method of claim 75 wherein said food is 
fed to an animal. 

Claim 86 (previously presented). The method of claim 85 wherein said animal is 
a ruminant animal. 

Claim 87 (previously presented). The method of claim 86 wherein said ruminant 
animal is selected from the group consisting of dairy cows, lactating dairy cows, 
dairy calves, beef cattle, sheep, and goats. 
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Claim 88 (previously presented). The method of claim 85 wherein said animal is 
an aquaculture. 

Claim 89 (previously presented). The method of claim 88 wherein said 
aquaculture is fish or crustaceans. 

Claim 90 (previously presented). The method of claim 85 wherein said animal is 
livestock. 

Claim 91 (previously presented). The method of claim 90 wherein said livestock 
is swine or horses. 

Claim 92 (previously presented). The method of claim 85 wherein said animal is 
poultry. 

Claim 93 (previously presented). The method of claim 92 wherein said poultry is 
selected from the group consisting of chickens, turkeys, and hatchlings thereof. 

Claim 94 (previously presented). The method of claim 85 wherein said animal is 
a companion animal. 

Claim 95 (previously presented). The method of claim 94 wherein said 
companion animal is a dog or a cat. 

Claims 96 to 1 13 (canceled). 
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Claim 114 (previously presented). The method of claim 75, further comprising an 
acidulant selected from the group consisting of phosphoric acid, sulfuric acid, 
phosphorous acid, hydrochloric acid, hydrobromic acid, and nitric acid. 

Claim 115 (previously presented). The method of claim 75, wherein the 
composition has a pH of less than about 5. 

Claim 116 (previously presented). The method of claim 75, wherein the 
composition has a pH of about 4 to about 5. 

Claim 117 (previously presented). The method of claim 75, wherein the 
composition has a pH of about 4.5. 

Claims 1 1 8 to 1 20 (canceled). 

Claim 121 (previously presented). The method of claim 75, wherein the organic 
acid composition comprises 2-hydroxy-4-(methylthio)butanoic acid, butyric acid, 
and lactic acid. 

Claim 122 (previously presented). The method of claim 121, wherein the content 
of 2-hydroxy-4-(methylthio)butanoic acid is from about 20% to about 40% of the 
sum of the 2-hydroxy-4-(methylthio)butanoic acid, butyric acid, and lactic acid 
content; the content of the butyric acid is from about 1 0% to about 30% of said 
sum; and the content of the lactic acid is from about 10% to about 30% of said 
sum. 
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Claim 123 (previously presented). The method of claim 122, further comprising 
phosphoric acid, wherein the content of the phosphoric acid is from about 20% to 
about 40% of said sum. 

Claim 124 (previously presented). The method of claim 135, wherein the organic 
acid composition comprises 2-hydroxy-4-(methylthio)butanoic acid, butyric acid, 
formic acid, and lactic acid. 

Claim 125 (previously presented). The method of claim 124, wherein the content 
of 2-hydroxy-4-(methylthio)butanoic acid is from about 10% to about 30% of the 
sum of the 2-hydroxy-4-(methylthio)butanoic acid, butyric acid, formic acid, and 
lactic acid content; the content of the butyric acid is from about 2% to about 22% 
of said sum; the content of the formic acid is from about 20% to about 40% of 
said sum; and the content of the lactic acid is from about 8% to about 28% of 
said sum. 

Claim 126 (previously presented). The method of claim 125, further comprising 
phosphoric acid, wherein the content of the phosphoric acid is from about 10% to 
about 30% of said sum. 

Claim 127 (previously presented). The method of claim 75, wherein the organic 
acid composition comprises 2-hydroxy-4-(methylthio)butanoic acid, butyric acid, 
lactic acid, and propionic acid. 
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Claim 128 (previously presented). The method of claim 127, wherein the content 
of 2-hydroxy-4-(methylthio)butanoic acid is from about 10% to about 30% of the 
sum of the 2-hydroxy-4-(methylthio)butanoic acid, butyric acid, lactic acid, and 
propionic acid content; the content of the butyric acid is from about 2% to about 
22% of said sum; the content of the lactic acid is from about 8% to about 28% of 
said sum; and the content of the propionic acid is from about 20% to about 40% 
of said sum. 

Claim 129 (previously presented). The method of claim 128, further comprising 
phosphoric acid, wherein the content of the phosphoric acid is from about 10% to 
about 30% of said sum. 

Claim 130 (previously presented). The method of claim 135, wherein the organic 
acid composition comprises 2-hydroxy-4-(methylthio)butanoic acid; butyric acid, 
formic acid, and propionic acid. 

Claim 131 (previously presented). The method of claim 130, wherein the 
content of 2-hydroxy-4-(methylthio)butanoic acid is from about 1% to about 20% 
of the sum of the 2-hydroxy-4-(methylthio)butanoic acid, butyric acid, formic acid, 
and propionic acid content; the content of the butyric acid is from about 1 % to 
about 1 5% of said sum; the content of the formic acid is from about 65% to about 
85% of said sum; and the content of the propionic acid is from about 1% to about 
15% of said sum. 
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Claim 1 32 (previously presented). The method of claim 1 31 , further comprising 
phosphoric acid, wherein the content of the phosphoric acid is from about 1% to 
about 15% of said sum. 

Claim 133 (canceled). 

Claim 134 (previously presented). The method of claim 75, wherein the organic 
acid composition further comprises at least one organic acid chosen from formic 
acid, fumaric acid, and benzoic acid acetic acid, malic acid, tartaric acid, 
mandelic acid, citric acid, sorbic acid, boric acid, succinic acid, adipic acid, 
glycolic acid, and glutaric acid. 

Claim 135 (previously presented). The method of claim 75, wherein the organic 
acid composition further comprises at least one organic acid chosen from formic 
acid, fumaric acid, and benzoic acid. 

Claim 136 (previously presented). The method of claim 134, further comprising 
an acidulant selected from the group consisting of phosphoric acid, sulfuric acid, 
phosphorous acid, hydrochloric acid, hydrobromic acid, and nitric acid. 

Claim 137 (previously presented). The method of claim 135, further comprising 
an acidulant selected from the group consisting of phosphoric acid, sulfuric acid, 
phosphorous acid, hydrochloric acid, hydrobromic acid, and nitric acid. 
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Evidence Appendix to Appeal Brief Under Rule 47.37(c)(1)(ix) 

A copy of Dr. Knight's Declaration under 37 C.F.R. 1 .1 32 was initially 
submitted to the USPTO on September 26, 2007, as part of the response to the 
non-final Office Action mailed March 27, 2007. The response was entered by 
the Examiner as indicated by the Final Action mailed December 1 1 , 2007. The 
Declaration was again filed and entered into the record on May 26, 2009. Dr. 
Knight's previously submitted declaration also included a copy of his curriculum 
vitae, demonstrating his knowledge and expertise in the technical field. A copy of 
Dr. Knight's Declaration, as previously submitted, is hereby attached as evidence 
to the Appeal Brief. 

A copy of the Warnecke et al. review article under 37 C.F.R. 1 .1 32 was 
submitted to the USPTO on September 26, 2007, as part of the response to the 
non-final Office Action mailed March 27, 2007. The response was entered by 
the Examiner as indicated by the Final Action mailed December 1 1 , 2007. A 
copy the Warnecke et al. review article is hereby attached as evidence to the 
Appeal Brief. 

A copy of the Enthoven and Ivey references, as previously cited by the 
Office are attached as evidence to the Appeal Brief. The Enthoven reference 
was cited by the Office in the Non-Final Office Action mailed December 23, 2008. 
The Ivey reference was cited by the Office in the Final Office Action mailed 
December 1 1 , 2007. In particular, the Enthoven references states that, "the 
results show there is no inhibitory effect of HMB or formic acid on 
Lactobacillus or Salmonella ." (Note: the terms Alimet®, HMB, HMBA, HMTBA, 
and 2-hydroxy-4-(methylthio)butanoic acid are used interchangeably. 49 ). The 
Ivey reference, at col. 6, lines 8-10, indicates that, despite having propionic acid, 
the composition may be used to deliver a probiotic or microbial to an animal. 


See, e.g., id., at page 36, lines 5-8. 
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Related Proceedings Appendix to Appeal Brief Under Rule 47.37(c)(1)(x) 

There are no related decisions for this appeal. 
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fiiCtAHATiON OF CHRISTOPHER D. KNIOHT WDm 37 C.RR. § 11 , 32 

I, Christopher D, Knight, declare and state as follows; 

1 , ! have over twenty years of experience in the field of animal health and 
nutrition. Nevus International ine.> a global leader in animal health and 
nutritional products, currently employs me as Vice-President for 
Research and Development My employment by Novus International 
has been continuous for over sixteen years. Prior to my employment 
at Nevus International Inc., I was employed by Monsanto in their 
Animal Sciences Division for over five years. My educational 
background includes a Bachelor of Science degree in Animal science 
awarded by Cornell U niversNy in 1 975; a Master of Science degree in 
Monogastrie Nutrition awarded by Pardee University in 1977; and a 
doctorate degree (i.e., Ph.D.) in Monogastrlc Nutrition awarded by 
Purdue University in 1981. ! have also published over approximately 
thirty journal articles or posters at internationally attended meetings, 
and I am an inventor on three patents. Attached to this Declaration is 
a copy of my curricula vitae. 

2, I have reviewed U.S. Patent Application publication No. 2004/0175434 
f434 application) entitled "Antimicrobial Compositions,'' Tt»*434 
application has claims directed toward antimicrobial compositions that 
comprise several organic acid formulations developed at Nevus, and 
presently sold under the trade name ACTIVATE®. 

3, Through my position at Novus as Vice-President for Research and 
Development, I am familiar with and supervised portions of the 
research and development efforts that resulted in the discovery of 
several organic acid blends, which are claimed In the '434 application, 
Ths focus of this research effort was to improve the cost effectiveness 
of the formulations, while at the same time improving the antimicrobial 
activity of the blend of organic acids compared to any individual 
organic acid comprising the blend. The ACTIVATE^ organic acid 
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formulations {as described In various iterations of' the '434 application), 
in my opinion, meet both of the aforementioned goals, 

4 We Nave research data, that m my opinion, demonstrates surprising 
and «nenpected results for organic acid formulations falling within the 
scope of the '434 patent claims. As an example, attached to this 
Declaration is a graph (identified as figure 7} that depicts a synergistic 
effect for two organic acid formulations of the claimed invention. With 
reference to the attached graph, data is depleted for the antimicrobial 
activity of five different organic acid compositions against Ssimonette in 
feed. The five organic acid compositions mclude; {1 ) 0,45% HMT8A 
alone (ta, 2-hydroxy-4-(methyithio)butanoic acid, which is a 
compound of Formula $) in the s 434 application); (2) 0,45% butyric acid 
alone; (3) 0,45% lactic acid alone; (4) blend OA 4, which is 0.1 5% 
lactic acid, 0.15% propionic acid, and 0.15% HMTBA; and (5) blend 
OA 8, which Is 0,1% iadic acid, 0,1% butyric acid, 0.1% propionic add, 
and 0.15% HMTBA. The antimicrobial experiments were conducted In 
accordance with Nevus's standard protocol entitled "Low pH in Feed 
Test Procedure/ , a copy of which Is attached to this Declaration, As 
depicted in the graph, the antimicrobial activity of either blend OA 4 or 
blend OA 6 achieved significantly higher killing of Salmon&!!& at Sower 
concentrations than could be achieved with any of the single organic 
acids alone. 


$. I further declare that all statements made herein are of my own 

knowledge are tme and thai ali statements made on information and 
belief are beiieved to be true; and further, that these statements were 
made with the knowledge that willful false statements and the tike so 
made are punishable by line ©r imprisonment, or both, under 18 U>$,C, 
§ 1001 , and that such willful false statements may Jeopardise the 
validity of the application or any patent issuing thereon, 
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Key Accomplishments 


* Developed foundation data quantifying availability of AHMET® Food Supplement as a 
by-pass methionine source in lactating dairy cattle and methods to predict methionine 
d A) , i < \j nut- iiiona models- These data resolved decades of research 
work to attempting to comrn* e tt produ application that had failed due to 
un *dicta ; field results The research U - > sted Aw to be the most cost- 

e >f post ruminal meth * ie a t /ity ava laoie resulfc 3 in n US patent 
and the development of a $5M/yr business for Novus. As of 2005, a new Ruminant 
Business Unit of 20 employees and agents and a portfolio of 8 products {including 
Alimai and MHA) far the dairy industry has- been formed, 

* Led the development and commercialization of OASIS® Haichling Supplement a 
hydrates' nutritional supplement fed to young poultry in transit or to stimulate rapid 
onset of ad libitum feeding after placement. This patented product developed a new 
market in the poultry industry based on developmental research at Nevus showing tie 
impact of early nutrition on subsequent long term performance and health. Cumulative 
sales of this niche product have exceeded $4M and resulted in the development of 
gastrointestinal health as a core research and development competency within Novus. 

* ted the technology development, regulatory approval and early commercialization of 
ADVENT#Coccidiosis Control, an orally applied coccidiosis vaccine based upon 
technology that permits the In vitro < » < * yst viability such mat a vaccine 
of consistent potency can be produced and marketed Tf tied a new area of 

' i - cstogy for Nevus and in 2003, a jury of scientists and technology experts from 
Washington University and St. Louis University awarded the developers of this 
technology (Dr. Julia Dibner and Dr. Chds Knight) with The St. Louis Technology 
Award, The Advent Cocdsosis Control technology was among eight other wi • - 1 
from approximately 70 nominations In the St. Louis vicinity. In determining winners, 
the Judges considered the scope, economic impact and overall significance of the 
new technology. Facilitated by the Academy of Science of St. touis, the Judging 
process also examined the level of sophistication of the entnes ami the innovation 
utilised to bring it to fruition- This technology represents a keystone of a business . 
strategy that focuses on gastrointestinal health and drug-free poultry production, 

* Established a new cost-efficient method of product development research, to insure 
Moves' capability to conduct scientifically and commercially relevant research across 
multiple species without requiting ownership or hands on care and management of 
research fs zested H > rs sought 

zestment opportunities with scientific professionals in animal agriculture 
to provide capital for research facilities that would be controlled by the research 
partner but provide Novus with preferred status for conduct of research. To date we 
have formed 3 partnerships like this In the US that permits routine product 
development work in broilers, swine (weaning, grow-frnish and isolating sows) and 
dairy cattle, all in commercial scale production environments. Similar agreements are 
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under development in Brazil {commercial scale egg layer research) and China 
- * ' - - • -asoh.nradsng wean, grow-fiossh and sow nutrition). 

The foundation product for Novus International is ALIM£T# Feed Supplement, a 
source of methionine activity referred to as methionine hydroxy! analog or chemicaiiy 
DL -2 -hyd roxy-4* ( methyl thio) teutanoic acid. Today this business represents 
approximately S4O0M in annual revenue to Novus in a $18 methionine market, 
however, in 1981 this represented about a S20M business. In the course of my 25 year 
involvement with this product there has been a healed commercial controversy with 
respect the relative efficacy of Aiimef and the competitive product Dt-methonine 
{f$M)> A close colleague (Dr. Julia Dinner) and I have had the responsibility of 
understanding the absorption, metabolism and utilization of Aifmet, how it differs from 
that of DIM and the impact that the differences have on the commercial value of 
Alimet relative to DIM Today based on a variety of independent and collaborative 
reseamh efforts it is understood that the metabolism of Alimet is very different from 
0LM, that those differences result in differences In ad libitum feed intake (less than 
OtM at low suppit enta n rates, greater than DIM at the maxi - > $e iev< 
resulting In different dose responses for the two methionine sources. A substantial petti 
of the controversy was based on the a priori assumption that the two products must 
have the same dose response since Uu,y • : -■ •■ ,. - .. obomtion 

w to v-ari >u - s .h* ( , > experts, we have been ab e t< - o$tablfcn t^> 1 1 ta v products in 
fact have I f lose responses and have described the appropriate sta - 

• kIs for comparing two products that exhibit different 'ov espc? 
85:347-954}, The controversy will continue due to commercial conditions (Alimet is 
less expensive to manufacture than DLM) , however over the course of 25 years 
Atsmai has continued to grow at a 25% compounded annua! growth rate with over a 
* market share in the US. The science applied to this commercial issue has laid the 
technical foundation that has provided Novus with the technical credibility to expand 
our product offerings from amino acids into nutritional organic acid blends, organic 
trace minerals, ingredient preset , 1 idiosis control, 

ALIMET® Feed Supplement, OASIS© Batehitng Supplement and ADVENTS Goceidteis Control 
are registered trademarks of Novus international, inc. , St. Louis, MO. 


* Married 1982: Sandra J. Rogers {Purdue Food Science MS 1978). 

* Children: Adam (19), Evan (1 6), Audrey (14) 
Co**tour% involvement 

» Subdivision Trustee: 198? -1989: ted resolution of road and storm sewer repair dispute 
« Si Peter's episcopal Church; 

o> Youth Sponsor: 1984-1988 

q Sunday School Teacher; 1 992-2006 (Variety of grades and curricula) 
o Vestry: 1988-1993 

o Founding Christian Education Commission & Chair: 1989-1903 
o Confirmation Teacher: 2995-6. 

o Founding and sustaining member of Haven of G race; Nome for unwed mothers 

* Hobbies 

o Cooking 
o Gardening 
o Kid's Sports 
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TITLE; Low pH In Feed Test Procedure 
METHOD HO. 

MAimiAU Activate DA IM 

TEST: Jtoli^acteriajiac^ . jj» feed at low pH 

SCOPE; Anil-bacterial activity of organic acids is measured in feed at low pH to simulate 
the low pH sad moisture conditions In the upper digestive tract of animal. 


MATERIALS: 

I, Finished feed; mash or crumble, swine or poultry 

%> Fresh culture of Suimmdh and Escherichia call 

4 Brilliant Green Agar or other selective media for salmonella enumeration 

5. MacCoofoy Agar or other selective media for a. coli enumeration 

6. Itseofeator sstat40C for the assay, and37G for bacteria enumeration (plat , 

7. Pipettes and sterile tips 

8. Sterile tubes (50 ml) 

9. Hydrochloric acid 

SAFETY CONSIDERATIONS: 

L Mouth pipetting is not allowed, automatic pipettes or pipette bulbs must be used, 
2.. Use appropriate gloves where necessary, 

3. Dispose of alt hazardous waste properly. Autoclave ail wastes containing salmonella 
or e. coli, 


PROCEDURE; 

Prepare fr*sb cultures ef salmonella and c cells 

L Crow a fresb culture of salmonella or e. coll overnight at 3?C m Tryptlc Soy Broth 
(or appropriate media for the particular strain of bacteria) 

2, Determine the counts by direct plating 

3. Keep the culture at 4C until use. Prepare fresh cultures every 2 weeks. 


Determine Ihe amount of BCL needed to brirsg the feed to pH 4,0 

t. Prepare ISOmMHCL solution from concentrated HCI (12. IN HO), 

2, Weight out 5g of mash or crumbled feed in 50ml robes, 

3, Add tSQaM HCI and D! H20 at different proportions (see the table below) in 
achieve a total volume of 15 ml, 


1 -iM HCI 

lis ml 

7,50ml 

>> ni 

a mi 

S,25m! 

DIB2.0 

7.75 ml 


2 ml 

V md 

cUSml 

7\\;;i volume 

15 ml 

15ml 

15 ml 

15 mi 

sJSml 


the pH to equilibrate, 


wfck &e ** et »f»*c, , , „ ... 


m . Ki, 3nc - MM 1 


m % M f ONMDfcNriA!. 


S. Adjust the ratio bet ween MO and H20 wuii the pH of His feed b at •* 4.0 (A range of 
3.8 to 4,0 is acceptable). 


Setyp following treatments (in £0 m 



Treatments 

Dose 

Reps- 

Feed 

Inoculant 
?<-Cn,« of feed) 

1 

CCUtrcS 


2-3 



40,000 

2 

Ut»* .teDA 



5 gram 


3 

Utn.il> MA 

0,5* 

2*3 

Strata 

10, * M) 


1, Weigh out 5g of finished feed in a sterile 50 »i| centrifbgc tube, 

2, Add Activate DA to treatments 2 and 3 (!5mg in the 0.3 % treatment, and 25mg in the 
0,3% treatment). 

3, Add HO and 01 H20 to bring die pH to 4,0 {predetermined for each feed, see the 
isroesdutes shove), 

4, Inoculate with Salmonella or E. coli to give a final concentration of 40 S DO0 eft* per nil 
sf sample (40,000 efu/mJ x 15 mi - 600,000 cfuAube}, 

5, iac«te the samples for 90 minutes in a 40(3 incubator (preferably with mixing on an 
end to ead rotator, bat not revoked), 

4 At the end of 90 mhtuiea incubation, prepare 1:10 dilution of sample in sterile R20 

<!mi sample and 9 ml H20) 
7. flats tne following samples on Brilliant Green agar (satmwelte) and MacConkey 
agar {& eotf) and incubate pistes at 3?C overnight . 
lOOui of 1:10 Mmim from step 6 
1 0Otd of undiluted sample 
E. Count colonies the next day, determine- cfefat! sample, and compare with control, 


ANALYTICAL TiMB: 
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DOCUMENT CONTROL DATES : 
Issue ^ Effective Date: 
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Abstract form 

I Antibacterial properties of 2-hydroxy-4.{methyUhio)botyric acid {HMB, alimet). 
| P. Enthoven, S. van den Haven en A, van Dijk*. CCL Research, P. O. Box 107, 5460 
j AC Veghel, The Netherlands. 

j Organic acids have many applications in the feed industry e.g. decontamination of raw 
| materials (formic acid) or mold control (propionic acid). Organic acids are also able to 
| modify the gastrointestinal flora which opens perspectives to control Salmonella. To 
1 evaluate different products our laboratory developed an in vitro assay in which effects 
| on e.g. Escherichia coii or Salmonella enteritidis can be compared. HMB, a methionine 
\ analogue, is also an organic acid. 

I To investigate the antibacterial properties of HMB we added different amounts of 
| HMB to a buffered broth containing approx. 3. 10 5 cfu/ml of a fresh culture of S. 
I enteritidis, E. coli, Lactobacillus plantarum or Campylobacter jejuni. Growth at pH 4.5 
| and pH 6.75 was determined after 4 or 6 h incubation at 37°C. For comparison the 
I same tests were done with equtmolar amounts of formic acid, 
j The results show that there is no inhibitory effect of HMB or formic acid on 
I Lactobacillus or Salmonella. HMB does show a bactericidal effect at pH 4.5 on 
| Escherichia coli and on Campylobacter at 0,83 g/1. Formic acid has under the same 
| conditions also an effect on Campylobacter but not on E, coli. 
Conclusion: In the tested range the antimicrobial effect of HMB is comparable to that 
of formic acid; given the working mechanism of organic acids it is speculated that 
these antimicrobial effects are additive. 


.•<::>•; -cci m».«>(Rx»s 


pH dependant antibacterial effect of formic acid and HMB 


/s wiia i«f«menl4) 3i»ii>r> at a< 

add sod to""<« 

in <fi in % ifld* 

o.i OA o.o ice o.ooa 
o.s o.oa coo* 


& in a way is compare weight t 
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bresrtlcadds are valuable platform chernkais for future biorefining spp! ca io Such application 
involve rite conversion of low-cost rertewabls resources to platform sugars, which are then 
c ted to platform eroica er enrationand further demat^ 

through conventional catalytic routes. Organic acids are toxic to many of the microorganisms; such 
as £sdierkhfo coff, proposed, to serve as biorefiriing platform hoses at concentrations welt below 
>vhar.!s required for economical production The toxic * w<>foid.ii ctud • * tot only pH erased 
growth inhibition but also shlon-specific effects on metabolism drat also affect growth. £. col/ 
maintain viability st very tow pH through several different tolerance mechanisms including. but not 
limited to the use of decarboxylation reactions dm consume protons, Ion transporters that 
remove protons, increased expression of known stress genas, and changing membrane 
composition. The focus of this mini-review is on organic acid, toxicity and- associated tolenir.ee 
mechanisms as wef! as several examples of successful organic acid production processes for £..caft. 


Review 

BiorefTfiing Platforms 

Shorefming promises the development of efficient proc- 
esses for the conversion of renewable sources of carbon 
and/ energy into large volume commodity- chemicals.- U 
has been estimated. U^at such bioprocesses already 
account for 5% of the 1 .2 trillion doll.tr US chemical mar- 
ket jlji with some projecting future values of up to 50% 
of the total US chemical market generated through biolog- 
ical means. While the attractiveness of such biopracesses 
hss been recognised for some time [2,3}; .recent advances 
in biological engineering and assct.ciafed sciences [4-15]. 
several bioreiirsf .... i . 'i. and instability 

in the price and future availability of oil [191, have collec- 
tively rcmvif*or.-i> ; i ties the ;3fgc scale production 
of chemicals through biological routes. -Nevertheless. 


many challenges suH. remain, for. the ccotiomkct) Uip.prp. 
duction of carrtmodiry chemicals Such challenges 
snenmpass the need, ic titji. only in expensively convert 
biomass intctis' able" sources of carbon and energy but also 
'to fengiheer' microbes- to produce relevant chemicals at 
high liters-arid productivities white minimising degener- 
ation of byproducts that', might foul downstnjam proc- 
esses 11,20,21 j. One. mode! for' addressing the latter of 
such challenges iinvolves the generation of platform 
organisms tliat can be easily engineered and re-engineered 
to produce a 'variety' of bu'ildirig block' chemicals that arc 
amenable to conversions to higher valurp/rqduos via tra- 
ditions! ca la lytic routes {see Figure- i }. Although chemical 
preiTestmcnt of rr>>; i nptrs viability of plat- 

form organise, i ' icros on product (OJdcny 

issues associated with the production of organic acids in 
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a. tSofifoil Vafitjy, Wit ww.tiloVennlisa.cam 
Figure I 

Cwceptua! model of toxicity In bio refining- applications. Sugars are extroaedfrom.waste bfomass for use ai feedstock for plat-, 
form organisms in a biorettnery. Metabolicaliy engineered microorganisms convert sugars no valuable platform chemicals that 
are then further derwatized to largts-vciurne chemkais. Product and feedstock toxicity are observed, mus limiting productivity 
of Worefining spplicatiofis, 

dated organic acids, which pass-freely throu^:ihe-ouier. 
and plasma membraiv-.i, 2 dissociate upon 

entry in £0 the sligHirf alkaline cytoplasm releasing pro- 
tons thaUower internal j»H (pH,) and anipr»s'thaUp«iSfl* 
oily inhibit different aspects of metabolism resulting in 
impaired growth {'33-35]. Titers and.productivi ties of 50-- 
fQQg/L and 2-3 g/V br are expected for the economical 
mnnufacturing of most building block acids by fermenta- 
tion. The pKa values range from 3;-S for these organic 
adds, which would result in a pH reduction tostotmd 2,0 

' „■ ' plights a key challenge in the 

metabolic engineering of organic acid production hosts. 
That is, high uTers.resuli ih,the additlon of protons lo she 
culture, which cither result in a decreased pH orthe addi- 
tion of large \ o - low pH organic 
acids are undissociated, thus they pass-freely through the 
membrane and inhibit growth, At'high pH, iheproeess is 
less efficient due to base requirements and because nvpor! 
of the ofganic acid cannot proceed by free diffusion alone 
(for a more derailed discussion oftorganic add export 
issyes see Van Kiin's et lil |36j}. What is'desircd, di.ercfore; 
is a platform organism that not only produces high levels 
of.organic add chemicals but also is tolerant to any asso- 
ciated toidaty. 


E. eati (for further mfomiauorv on sugat.eXjn&Up-a from 
raw materials see Zaldavar, et al )Z2\ and Knauf, et al 

The US Deparroehidf foergy {tfSDOE} recently released 
a priori Used list of building block chemicals for future 
biorellriiog endeavors. Priority was assigned based on the 
projected value of the platform chemical 3 rid ppientSnl 
derivativea as well as what ttreimological developments 
were required' for the production, of the chemical and 
associated derivatives |21j. The report emphasized she 
importance of organic acids to the future: of bioreAning.' 
efforts (etgbt of the top -twelve chemicals were organic 
acids, see Table 1 in additional file 1 }, The; USDOE is not 
die first to recognize, the importance of organic acids, in 
fact, there is a rich literature describing microbial produc- 
tion of'Orgaotc acids p.7,2CU4.2S], including .several suc- 
cessful co.mmemia bioprbcessea j 5*28] frodiu ox t 
is one of ihe primary challenges in the development of 
organic atiei broprocesses based; on- (He use of platform- 
host organisms, such as £; ccJi, in particular, while E. cbli 
is known to survive very high' concentrations of adds fpH 
~ 2) when passing through the- mammalian stomach, E, 
coll ate siaprisln •; add sensitive in exponential phase 
when cultttrtd p' r ere aver, undisso- 
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Many microbes are capable of producing platform chem- 
icals by aerobic arte! anaerobic fermentation processes 
{22). l-tactic acid has i traditionally been produced by lac- 
tic add bacteria. Although many .tactic acid bacteria strains 
have been studied extensively ]3?j. the abiliryto produce 
ppdcalty pure Manic acid is hampered, by the presence of 
both L and D lactate dehydrogenase genes |38J. Pure L- 
iaaic acid must therefore be produced via another path- 
way, as the:racernic.aci<t product. is. not. useful for down^ 
stream carivcreiOn Into potylactic add, A number Of other 
rnicruorj^nisms have been used for industrial fermentr,- 
tion of several of the building block organic acids Identi- 
fied in Table 1 . Large scale production of amino 3dds has 
been accomplished in Cor/y.yvr.r>.<r.;:vi$>:it~,miai>:; J3£>). 
succinic add has been produced by AaittolwaHvs succino- 
gettei ('10), and itaconk acid production has been carried 
out with Argcrgiflfu [cms [41 J. While successful the future 
application of these organism's as platform hosts is lim- 
ited when compared with £, ceff. E mti is. advantageous as 
a platform host because it is the mast well characterised 
model organism, it has been used in' recombinant proc- 
esses .for. over'20 years, tltere are a wide variety of good 
genetic tools, and it is sensitive to many antibiotic used 
in genetic. e'ngineen*ng.effoas.{42l. Moreover; me comple- 
tion of the £. d»/r genome sequence has already enabled 
many functional genomics studies andtproven useful in 
metabolic engineering. efforts ]43|. Finally. £. coli grows 
qutdtiy in. minimal media and maintains the ability to 
metabolise both 5 arid 6 carbon sugars, which is* specific 
advantage over the use of industrially relevant yeast 
strains {22}. This mini-review will describe .the basic, 
mechanisms underlying organic acid toxicity ami isssod- 
ated tolerance pathways in £ coh'followed.by a snort dis : 
cussion of several metabolic engineering strategies 
employed for the production of organic apds'lri E. &«'. 

Orgonfc Acid Toxicity In E. eoii 

One of the primary factors contributing to. the toxicity of 
organic adds is their ability to diffuse across E.cofi cellular 
membranes when undissociated as opposed to the 
restricted passage of dissociated protons and anions (see 
Figure 2) {31,32j.. Diffusion Of dissociated adds is limited 
(o secondary transport, which is known to involve Ht/ 
monccarboxylic add sympcmeni. However, the detailed 
mechanism arid specificities' of the transporters remain 
unknown J31], £. eeli maintain a cytoplasmic pH {pH-, » 
7.5) that ts most- often higher than that of the external 
media and typically welt above the ptCa of organic acids 
144,45). As a result, organic acids" exist in the dissociated 
form within the cytoplasm. Thus, diffusing organic adds 
entering into the cytoplasm will dissociate and disrupt the 
pHi and anion poof of the cyto'plasjh. 'Hie resulting 
increase in internal acidity can affect the integrity of 
purine bases \4&] and result in denaturing of essential 


enzymes inside the cell (35), both Of which negatively, 
affected! viability. 

Organic add anions affect cell growth in a 'variety of man- 
ners. Increased anion concentration has been shown to 
lead to an increased transport of potassium ions Into the 
cell; which. rn'cte3ses turgor 'pressure [47,481. To-maintrsirs 
s constant turgor pressure and cell volume, gluiamate is 
transported out of the cell |<J8j This transport aciivity 
concomitantly disrupts the osmolality of the cytoplasm, 
which in Uii-n lowers the ee|l/s "growth pot'd>uai arids'iabit- 
try. In addition to this gerieralartibn effect, there are:a!so 
effects sperifk to each organic acid. )l has been proposed 
that ej«ymes involved i'ri prot'dn syTithesis are sensitive to 
a combination of two unrelated mechanisms, including 
the acidification of pHi and the formation of an anionic 
pool j35). Although this finding implies that the organic 
inhibition due to "the anion 'pool could be acid specific, 
the details describing this dual inhibition mechanism 
remain unclear. Kirkpatrick et al. reponed proteins exhib-. 
itirtg trio-eased expression .in response. to extracellular ace- 
tate |33j. Among ihese;are the OppA tisnsporter, ftpoS 
regulon, several amino add uptake proteins, DNA bind- 
ing proteins, and extreme.-acid preiplasmie chaperones. 
Interestingly, when formate was introduced in place of 
acetate the expression of the previously mentioned pro- 
teins was repressed, indicating that the response was 
anion specific, This finding introduces new .challenges in 
addressing organic add. tolerance. Specifically, it high- 
lights the need to-engineet both: pH and as well as spedflc 
anion tolerance into host organisms. 

finally,, production of organic acids might include inter- 
mediates that are themselves toxic, for example, 3- 
bya.roxyprbpionic acid (3 HP) is.dosely related to the nnt> 
microbial compound fceuterm. Heute'riri describes the 
hydioxyptopionatdehyde (HPA) -System including HPA, 
HPA di'rncr, and HPA hydrate. Keuterin is inhibitory to 
several bacteria, Indudmg '£. coir, at concentrations as low 
as 0.03-0.05 g/L |4a-5V{. It is thought that the toxicity 
could be the result of inhibition of DhiA synthesis |52|. h 
has been postulated -mat. the reacuvity of the aldehyde 
group, of HPA causes DNA damage similarly to formalde- 
hyde, which is the aldehyde analog of formic acicl |49j. 
intermediate toxicity can be managed either by optimiza- 
tion of me production pathway in the host or by engineer- 
ing tolerance to the intermediate itself; 

Orgttntc Add To/eranqe In E. colt 

£. coli has a remarkable ability to remain, viable, under a 
broad range of pH conditions. This ability Is essential for 
its survival In the mammalian digestive system where pH 
can vary between pH ■» 2~8 : Several different add toler- 
ance mechanisrns have been; identified in C. coli. While 
each mechanism is capable of providing some degree of 
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Variable Purine Removal/ 
Metabolic PNA Damage 
Effects- 


Transcrtptten 
SoxR.-Oxy'R; RpoS ( etc., 


An overview of organic add toxicity and. tolerance mechanisms in £ cot Diffusion of undissocistetf acid molecules tan occur 
freely In acidic medium but Is limited to transport systems at neutral or bask pH. The toxic effects associated with organic 
acids are the result of. both anion specific affects.on metabolism as well as increased interna! proton .cpn'cent.raHoni. Alfoas on 
internal pH are mitigated by tnrispdri of protons out ofJie membrane, consumption of protons by decarboxylation reactions, 
ani niore generally, induction of stress rBgulons, Anion specific .tolerance mechanisms. are not well characterltad, 


tolerance, they are regulated differently and confer varying 
levels of tolerance. 

Although most acid tolerance systcrrisVare aqivafed in sta- 
tionary' phase, add tolerance as low a* pri <=' 3 has been 
observedUn exponenUa) phase E. colt grown under aeroBfc 
conditions, which is advantageous from a productivity 
stirndpoim (30t Although the underly ing tolerance mech- 
anism is not known, audi. tolerance can be reliably acti* 
vated by adaptingxelfe a! sublethal ptt values between <}.a 
and S;8 (53J E/coli that, exhibit growth phase tolerance 
remain-viable at pH v 3 !ues on the same order as stationary 
phase tolerance, however the. percent survival is signifi- 
camly lower. Lin etal. reported 1% survival of unoriginal 


culture following acid adaption at pH 4.3 followed by 
add challenge at pH 3.3 compared to 0.0D01% survivai 
for .unwanted' cultures. This is compared: to stationary- 
phase cultures, which exhjKUed.up to 5U%fsuryiyaL 

Ttuee stationary phase acid resistance systems. have been 
studied in the.pipsi detail 1 2.5,30 j- These. systems confer 
the- highest levels of tolerance and ate believed to be 
KSponsihle-for stationary phase fc", cdH survival when pass- 
ing through the mammalian siomach. Acid resistance sys- 
tem t (ARl) is acuvated in slightly addic media (pH 5.S} 
in the absence of extracellular- glucose or amino adds. B. 
colt grown . ae'robicaliy under these conditions 1 retain via- 
bility tinder acid chaitengessts low aV.pH ».-2.5 j54)',Thii 
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system is also referred to as the oxidative or glucose- 
repressed system, since die expression of this system is 
thought to be regulated either directly of indirectly by 
RjjoS and cydicAMP- receptor protein {.CRP} [53.56J, Add 
resistance system -2 (AR2) is activated in E. coli grown in 
aerobic conditions;*!) acidic complex media.. This -system 
requires the presence of extracellular glucose and/gluta- 
male and is depe) dent -of r > oding gfutamate 

decarboxylase. (gfjAB) and a giutamate:CABA amiporter 
[gaUQ |30f. Under sttch conditions, E.. coSi have been 
demonstrated to t hibi addi resistance up jd n pHpf.2 
The mechanism involves tits expenditure of exiess' cyto- 
plasmic protons during amino add decarboxylation reac- 
tions {see Figure 3), thus raising the interna!' pH jS4.5S|. 
Add resistance system 3 (ASB) parallels- the medtanisms 
of AR2 with' several slight deviations J3&54,S5}. Ate is 
activated under anaerobic conditions, in complex media 
With* added -glucose; It also involves amino add decarbox- 
ylation reactions to lower the internal pM,- but requires 
extracellular argiriine :in place of gfutamatc. AR3 also 
requires increased expression of alanine decarboxylase 
and an arginine: agmadne amiporter for mcreased acid 
tolerance. 

Finally, several -general acid tolerance mechanisms that 
regulate the physical properties of the membrane or the 
effectiveness of ion transport have been identified. These 
active responses, or those that occur as a result of (he cell's- 
ability" to sense pH changes, are independent of growth, 
and are induced by pH shifts as small as f p.2 pH- units |57 ; ].-. 
The first- response is the ability of the:miaoorganisrn to 
adjust membrane* properties, :su.ch as lipid content, thus 
effectiyery changing the pVotoh permeability 157). 
Another cellular response to - id ! be k is the induction of 
genes.Msponsible for repairing and. preventing lethal cel- 
lular damage. Spedfically, ihcreaseci expression of the 
dxyft and stwfi regulatory gerteshas been observed by tt'anv 
scripitottai profiting of add tolerant phenotypes J45,5fi|. 
These systems regulate the removal of damaging oxidizing 
agen^Aus preventing fytditi DN A darhage under acjdlc 
stress |4G]". Enaliy, add tolerance can be achieved by 
adjusting the ionic transporter efficiency, effectively regu- 
lating the anion and cation balance-as a means of main- 
taining a constant internal pH }47\. 

Organic Acid Product/on in 6. coli 

Metabolic and. genetic engineering, directed evolution, 
and classic strain selection have all been employed in the 
development of fi. wfi strains that produce building block 
organic acids, ma jdi Yg -.. tji add so dnlcaeld, and3HP 
1 5 7,25,59,60), improved titers have been adiieved due to 
optimisation of fermentation- conditions and reiavam 
pa tit ways utilized. However, titer limitations exist when 
fermentation is carried out in unbuffered media, which 
allows thepH io addify due-to inaeased add concentra- 


tion. Alternatively large, amounts, of base Utraot are 
required to raise die pH Of the media during the organic 
acid production leaving: the final acid- molecule in the. 
undissodated iomi. .■following 'production under, these 
c mdition large vol.um s of re rc is he ada-d to 
recover the acid in the protonated form. Metabolic and 
.genectr cn-^ - t wee Into production 

strains, maki ejrmerttau' t . I less than the pKa of 
the add produced possible,- would d'fcum'vent. the need 
for the additional consumption of acid and base titranis, 
and thus .lower the overall prodiiqibn cost. Similarly,, 
engineering strain fitness 'to Increase productivity as a 
decreased pH would "improve^ productivity and reduce 
base consumption. 

Lacdc add production is oneof the most successful ; exam- 
pies to date of the engineering; of large volume, chemical 
production in F. call E. coli was selected, as a favorable 
host strain due to its. ability tp consume bothpehtoseand 
hexose sugars and to generatt :>j , lactic add, 
which is the desired product for downstream polylactk 
add (PLA) production |S1,S2]. An effective lactic add 
producing strain of E. cols was created by induced, expres- 
sion -of the ^specific lactic acid dehydrogenase (LDH) 
gene from SheptcraecMs bonis. High titers (50-75 -g/1.) were 
observed under controlled pH {pH » 7) and -anaerobic 
conditions. Titers were drastically decreased (10-20 g/t.) 
as the pH was allowed to drop with increasing. acid pro*, 
dnction |S3|.. However; allowing the pl:J to falfbclow the 
pKa of fuel acid also' resulted 4 e t -J one en 
of thcaod in the undissociated form, which facilitated the 
subsequent isolation of the protonated add, inwresOngiy, 
the choice of. host straiit made a significant difierejtc? in 
lactic add prodCtcuon { 5aj:-.Thdse T cotistructed frorrt.an.H. 
coir B strain-showed a titer of almost twice that produced 
from Ki2 dcdvaisyes. The- increased production was 
attributed prirr)3'i - c c i*v ene'es he native growth 
characteristics rather than 'increased acid tolerance. 

Economically competitive titers of sued trie add' have -also 
been achieved in E coli. Strain^ were engirieered lO; limit 
flux to osher'an3erobic byproduas normally formed 'dor- 
mgfermemaiion [6.0].. Spedficalfy, sucdnsc acid.pioduc- 
t i on w as op ti mtze d by red i fed ihg thr meia bo! ic : 11 tix at th e 
pyruvate node away from lactate arid formate through 
inacUvation of the pyrtrvate-fofrn3tdy35c and lanme 
dehydrogenase [60,63], The maximum yield In sucdnic 
add producuon svas a .0 r;/L jn pH control- 

led cultures.. However, -similar to lactic add studies, suc- 
cinic acid production was..sfgnifkantly repressed when pH 
was hot Kept at neutral levels. 

A final example of metabolic engineering, organic add 
producuon ;in £ m wrrs repbned . by Cargil! In 2001 |i?|, 
Suthers and Cameron engineered a 2-step giycerpi to 3HP 
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pathway irs £ eofi. Glycerol' was -first converted to 3HPA 
via a glycerol dehydratase enzyme (rffwB -. Isolated from 
Kftfbifei/a pjieiu/ioiifae). 3KPA was then converted to 3HP 
via an aldehyde, dehydrogenize (it/d). This fast pathway 
was not ideal for several reasons including a very Sow 
reponed.tiier (0,2 g/l.), the use.of dteroore expensive glyc- 
erol as opposed to giucpse, arid die geri^ia libit of the 
highly toxic 3-HPA (reuterip) compound. Selifmovaet at. 
iaier proposed five additional pathways for the pfoduC: 
tiprt of .directly from glucose jn cali j3Gj : llesulfs 
for each of such pathway 3 eported One 

issue that has yet to be addressed is how to fulfil! : L v 
•diatire to ; prcducs3-HP at a pH below the plia = 4,51 of 3^ 
H!', which would lewn the riept . . , ge volumes 
Of base ti'trant to retain neutral pH at high titers. 

Metabolic engineering of.fc'., coH organic acid tolerance rep- 
resents an important - < t niiy -\i discussed 
above, E. c«W possess several systems for surviving pH as 
low as a,0, which ismueh lower than what is required for 
an economics! Wore fining pa i - . e iducviPn of 
mese systems 'js we!! diaracieri zed and the relevant genes 
are known in many cases, future, efforts might he better 
focused on the development of rnuitl^isge .fermentations, 
that allow for generation of biomass prior to induction oT 
acid tolerance ; and, ultimately, acid production, Future 
genetic engineering efforts might focus on engineering 
iterance against the less s tiara rf bolt 
effect a h ted with increased organ add anion con 
h ration n example, th Jy. 1 see tt t ei 
zoate, and.propionate Jo culture media at a concentration 
o h i i i t c ci nh'ibt of£' coli up 
to- 50% (35 1, The acetate inhibition is thought to he 
caused by limited methionine pools combined with 
increasing_cpncentrattonsdT homocysteine, a toxic inter- 
mediate, due to inaaiyntjpo. of h '.key erizymc in the 
methionine synthesis pathway, which can be countered 
■by die addition of methionine to die-media. This finding 
established that growth inhibit!' r i the ri? uti of both of 
lowered pH and specific anionic effects, which decreases 
the activity of key enaywes. Thus, engineering tolerance to 
specific organic acid anion effects by Increased cxpressiot) 
of inhibited enzymes could aid in .inoieasing overall proc- 
ess- praduarviry. 

Conclusion 

Organic acids are a valuable sector of the industrial chem- 
ical market, which have already, been successfully pro- 
duced thrpugh microbial femtentadon. However, product 
titers have been variable, ranging from less than i g/Lio 
concemrations cost competitive with curren i peirocb<.:m ; 

production pr.oce'sst e fertrw n cesies 

luv W i I ittt lip £ pli due i pduct and rerrn-edi 
ate toxicity fox i dry is treaty measured by growth -inhi- 
bition, which speciftcaliy decreases productivity. This 


review highlighted whatis known ahom organic-acid tox- 
Idiy and tolerance mcdianistni in f. coti. Specifically, E. 
tetTarc growth inhibited ''by the increase in both proton 
and associated antprs concehtrattons that are characteristic 
of ©rgan'k-acid production processes: White several add- 
tokranee: mechanisms have been characterized in E, coh, 
anion specific mechanisms jutrt idditid'rial study. 
Thus, future metabolic en$nte*ing efforts that' seek' to 
improve understanding of tftese Issues within the context 
of prganitc-acici biorcfiiyng applications should prove 
useful. 
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